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 A major limiting factor in muscadine grape (Vitis rotundifolia Michx.) 
commercialization is deterioration during storage. One solution for extending market 
seasons and preventing market saturation for fresh muscadines could be the release of new 
cultivars with improved postharvest storability.  Three studies were conducted; Study 1: 
The effect of fungicide treatments on muscadine genotype postharvest storage and 
nutraceutical content; Study 2: An evaluation of a diverse range of genotypes for 
postharvest storage potential and nutraceutical concentrations; and Study 3: The impact of 
postharvest storage and berry segment on the nutraceutical composition of ‘Supreme’. 
Research on table grapes has shown that field fungicide applications increase storability, 
but little is known of their effect on muscadines.  The effect of field applications of 
fungicides on composition attributes during postharvest storage was evaluated on five 
muscadine cultivars (Nesbitt, Southern Jewel, Summit, Supreme, and Tara) and five 
breeding selections from the University of Arkansas Fruit Breeding Program. There were 
two field treatments (no fungicide and fungicide). For the fungicide treatment, alternating 
applications of two fungicides were applied at 14 d intervals during berry development.  
Fruit was harvested and composition attributes including berry volume, titratable acidity 
(TA), pH, soluble solids (%), soluble solids to titratable acidity ratio (SS/TA), color (L*, 
Chroma, and hue), firmness (force to penetrate berry skins), weight loss (%), and 
unmarketable fruit (%) were evaluated every 7 d for three weeks. An additional eight 
cultivars and selections from non-fungicide-treated vines were subjected to postharvest 
storage potential evaluations. These included AM 02, AM 03, AM 18, AM 26, AM 28, 
‘Delicious’, ‘Fry’, and ‘Ison’, as well as the genotypes from the non-fungicide-sprayed vines 
of genotypes in Study 1 (AM 01, AM 04, AM 15, AM 27, ‘Nesbitt’, ‘Southern Jewel’, ‘Summit’, 
‘Supreme’, and ‘Tara’) to broaden the evaluation and comparison among genotypes for 
postharvest storage potential, and aid in the development of an Arkansas muscadine 
storage protocol. Additionally, a third study was conducted with ‘Supreme’ to determine 
the retention of nutraceutical compounds during storage on the berry segments of flesh 
(pulp and skin), seeds, and whole berries and to evaluate the variability in nutraceutical 
compounds among different vine of a single genotype. The storage attributes of force to 
penetrate the berry skin, percent weight loss, and percent unmarketable were all improved 
with fungicide applications, while the difference in percent volume change was minimal. 
Field fungicide applications had no effect on muscadine berry color (Chroma, hue angle, 
and L*) or berry composition (pH, TA, SS/TA, and soluble solids). There were some effects 
of field fungicide applications impacted some nutraceutical levels, however results varied. 
Weight loss, percent unmarketable, and force have potential for routine measurements in 
postharvest evaluation of muscadines, while percent volume change was found to be less 
useful. Titratable acidity, pH, soluble solids, and SS/TA can be useful measurement for 
ripeness, but not for storability. Chroma and hue angle are not indicators of storability, 
while L* shows potential, and nutraceuticals largely do not change during storage. The 
genotypes AM 04, AM 26, AM 27, AM 28, ‘Southern Jewel’, and ‘Supreme’ were identified as 
having the highest storage potential, while AM 01, AM 15, AM 18, and ‘Tara’ had the least 
storage potential.  The genotypes AM 03, AM 04, AM 27, and ‘Ison’ were identified as having 
the highest overall nutraceutical content, while AM 18, AM 28, ‘Supreme’, and ‘Tara’ had 
the lowest overall nutraceutical content. Furthermore, muscadine grape nutraceuticals and 
antioxidant capacity vary by berry segment and vine. The primary contributors as sources 
























 Many thanks are necessary to the people who have contributed towards the success 
of this project, beginning with my advisor Dr. John R. Clark. His advice, guidance, and 
friendship are invaluable to my education and experience. It was an honor to work 
underneath him.  
 I would also like to thank the members of my committee, Dr. Renee T. Threlfall for 
her attentive guidance with my project, as well as Dr. Luke R. Howard, and Dr. M. Elana 
Garcia for their time, support, and suggestions offered. Furthermore, this work would not 
have been possible without the use of Dr. Luke R. Howard and Dr. Renee T. Threlfall’s 
laboratories.  I would also like to thank Dr. Ed Gbur for the statistical aid and guidance. 
 Also, I would like to thank Sandra Sleezer for her assistance in all aspects of this 
project, and Cindi Brownmiller for her guidance with my nutraceutical and antioxidant 
capacity measurements. I greatly appreciate the assistance offered by the staff of the Fruit 
Research Station in Clarksville. Particular thanks need to be given to Jeff Iness and Dan 
Chapman for the fungicide application support and to David Gilmore and Kay Buck for the 








TABLE OF CONTENTS 
Introduction  1 
Objectives 4 
Hypothesis  5 
Literature Review 5 
Genotypic Effects on Storage and Composition 5 
Postharvest Physiology 9 
General Storage 10 
Storage Effects of Sulfur Dioxide  12 
Controlled Atmosphere Storage 13 
Fungicide Treatments 14 
Berry Composition 17 
Berry Segments 18 
Total Phenolics 20 
Anthocyanins 22 
Ellagitannins  24 
Flavonols 25 
Resveratrol 26 
Oxygen Radical Absorbance Capacity  29 
Literature Cited 30 
Chapter 1: The Effect Of Field Fungicide Applications On Muscadine Genotype 





Materials and Methods  42 
Grapes and Vineyard 43 
Fungicide Applications 43 
Harvest and Transport 44 
Storage Study 44 
Berry and Composition Analysis 45 
Nutraceutical Analysis 47 
Experimental Design 50 
Experimental Analysis 51 
Results 51 
Initial Attributes 51 
Berry Storage Attributes 53 
Berry Composition 62 
Berry Color 74 
Nutraceutical Content 80 
Correlations 89 
Discussion  91 
Berry Storage Attributes 91 
Berry Composition 95 
Berry Color 98 
Nutraceutical Content  100 
Storage Protocol 106 
Literature Cited 107 
Appendix A 114 
Chapter 2: Evaluation Of A Diverse Range Of Muscadine Grape Genotypes For 





Materials and Methods  134 
Grapes and Vineyard 134 
Harvest and Transport 135 
Storage Study 135 
Berry and Composition Analysis 136 
Nutraceutical Analysis 138 
Experimental Design 141 
Experimental Analysis 141 
Results 142 
Initial Attributes 142 
Berry Storage Attributes 142 
Berry Composition 149 
Berry Color 156 
Nutraceutical Content 158 
Bronze and Black Storage Performance 169 
Correlations 169 
Discussion 171 
Berry Storage Attributes 171 
Berry Composition 177 
Berry Color 180 
Nutraceutical Content  183 
Bronze and Black Storage Performance 188 
Storage Protocol 188 
Literature Cited 190 
Appendix A 197 
Chapter 3: The Effect Of Storage Time On Nutraceutical Content Of ‘Supreme’ 





Materials and Methods  219 
Grapes and Vineyard 219 
Harvest and Transport 219 
Composition Analysis 220 
Postharvest Storage 220 
Nutraceutical Analysis  221 
Experimental Design 224 
Experimental Analysis 225 
Results 225 
Initial Attributes 225 
2012 Nutraceutical Analysis 225 
Combined Nutraceutical Analysis 237 
Correlations 246 
Discussion 246 
Literature Cited 252 






















LIST OF TABLES 
Chapter 1  
Table 1.1. Initial values for force to penetrate berry skin, titratable acidity, pH, soluble 
solids, L*, Chroma, and hue angle averaged across year and fungicide treatment.  
 
52 
Table 1.2. F-test significance from ANOVA for berry weight loss, percent unmarketable 
berries, force required to penetrate the berry skin, and percent volume change of the 




Table 1.3. F-test main effect significance for year on weight loss, percent unmarketable, 
force required to penetrate the berry skin, and percent volume change of the berry 




Table 1.4. F-test significance from ANOVA for pH, percent titratable acidity, percent 
soluble solids, and SS/TA ratio for four sources of variation of muscadine grapes during 




Table 1.5. Soluble solids to titratable acidity ratio for muscadine genotypes. 72 
Table 1.6. Soluble solids to titratable acidity ratio of muscadine genotypes stored at 2 
°C for 3 weeks. 
 
72 




Table 1.8 F-test significance from ANOVA for berry Chroma, hue, and L* values of the 
four sources of variation of muscadine grapes during 3 weeks of storage. Highest-order 








Table 1.10 F-test significance from ANOVA for total anthocyanins, total ellagitannins, 
ORAC, total flavonols, total phenolics, and resveratrol concentrations for the three 




Table 1.11. Total phenolic concentations (mg/ 100g) of fungicide- and no fungicide-
treated musadines.   
 
88 
Table 1.12. Resveratrol concentations (mg/100 g) of fungicide- and no fungicide-
treated musadines.   
 
88 




Appendix A.  
Table A.1. Daily maximum and minimum temperatures and rainfall recorded at the 
Fruit Research Station; Clarksville, AR (lat. 35°31’58°N and long. 93°24’12’W) (2012 




Table A.2. Interaction means of the postharvest attributes of percent weight loss, 
percent unmarketable, force to penetrate berry skin, and percent volume change for 




Table A.3. Interaction means of the composition attributes of percent titratable acidity, 
percent soluble solids, pH, and soluble solids to titratable acidity of fungicide and no 




Table A.4. Interaction means of the berry color attributes of Chroma, Hue angle, and L* 





Table A.5. Interaction means of the berry nutraceutical concentrations of total 
phenolics, total anthocyanins, total ellagitannins, total flavonols, and resveratrol, and 






Table A.6. Study 1 multivariate correlation coefficients among muscadine berry storage 
quality, composition, color, and nutraceutical content for 2012 and 2013.  
 
129 
Chapter 2  
Table 2.1. Initial mean values for force to penetrate berry skin, composition and berry 
color for muscadine genotypes averaged across year (2012 and 2013). 
 
143 
Table 2.2. F-test significance from ANOVA for muscadine berry weight loss, percent 
unmarketable berries, force required to penetrate the berry skin, and percent volume 
change of the berry during 3 weeks of storage at 2 °C. Highest-order interactions are 





Table 2.3. F-test significance from ANOVA for berry pH, titratable acidity, soluble solid 
content, and soluble solids to titratable acidity ratio during 3 weeks of storage. Highest-




Table 2.4. F-test significance from ANOVA for Chroma, hue angle, and L* values during 





Table 2.5. F-test significance from ANOVA for total anthocyanins, total ellagitannins, 
ORAC, total flavonols, total phenolics, and resveratrol concentrations during. Highest-




Table 2.6 Main effect of muscadine genotype means on total ellagitannin 
concentrations of the berry during three weeks of storage, averaged across years (2012 




Table 2.7. Main effect of year means on total ellagitannin concentrations of the 
muscadine, averaged across genotypes (2012 and 2013).   
 
164 
Table 2.8. Main effect of genotype on total phenolic concentrations of the muscadine 
berries, averaged across years (2012 and 2013).   
 
167 
Table 2.9. F-test main effect significance for year on total phenolic concentrations 
averaged across muscadine genotypes (2012 and 2013). 
 
167 
Appendix A  
Table A.1. Average monthly maximum and minimum temperatures and total rainfall 
recorded at the Fruit Research Station; Clarksville, AR (lat. 35°31’58°N and long. 




Table A.7. Interaction means of the postharvest attributes of percent weight loss, 
percent unmarketable, force to penetrate berry skin, and percent volume change for 
year, genotype, and week of storage at 2-3 °C for 0-3 weeks. 
 
198 
Table A.8. Interaction means of the composition attributes of percent titratable acidity, 
percent soluble solids, pH, and soluble solids to titratable acidity for year, genotype, 




Table A.9. Interaction means of the berry color attributes of Chroma, Hue angle, and L* 
values for year, genotype, and week of storage at 2 °C for 0-3 weeks. 
 
206 
Table A.10. Interaction means of the berry nutraceutical concentrations of total 
phenolics, total anthocyanins, total ellagitannins, total flavonols, and resveratrol, and 




Table A.11. Study 2 multivariate correlation coefficients among muscadine berry 
storage quality, composition, color, and nutraceutical content for 2012 and 2013. 
 
211 
Chapter 3  
Table 3.1. The initial nutraceutical concentrations of ‘Supreme’ muscadine berry 
segments averaged across vines for 2012 and 2013. 
 
226 
Table 3.2. F-test significance from ANOVA for total anthocyanins, total ellagitannins, 
ORAC, total flavonols, total phenolics, and trans-resveratrol concentrations of 
‘Supreme’ muscadine berries stored for 6 weeks at 2 °C in 2012. Highest-order 





Table 3.3. F-test significance from ANOVA for total anthocyanins, total ellagitannins, 
ORAC, total flavonols, total phenolics, and trans-resveratrol concentrations of 
‘Supreme’ muscadines at harvest in 2012 and 2013. Highest-order interactions are 





Table 3.4. Main effects of year, muscadine berry segment, and vine means on total 
ellagitannin concentrations of ‘Supreme’ berry segments (2012 and 2013).   
 
241 
Table 3.5. Two-way interactions of year by vine, year by muscadine berry segment, and 
segment by vine means on ORAC levels of ‘Supreme’ (2012 and 2013).  
 
241 
Table 3.6. Multivariate correlation coefficients among nutraceutical concentrations of 
‘Supreme’ muscadines at harvest averaged across years (2012 and 2013). 
 
247 
Appendix A.  
Table A.1. Daily maximum and minimum temperatures and rainfall recorded at the 
Fruit Research Station; Clarksville, AR (lat. 35°31’58°N and long. 93°24’12’W) (2012 




Table A.12. Interaction means of the berry segment nutraceutical concentrations of 
total phenolics, total anthocyanins, total ellagitannins, total flavonols, and resveratrol, 






Table A.13. Interaction means of the berry segment nutraceutical concentrations of 
total phenolics, total anthocyanins, total ellagitannins, total flavonols, and resveratrol, 



















LIST OF FIGURES 
Chapter 1  
Fig. 1.1. Percent berry weight loss of fungicide- and no fungicide-treated muscadine 
genotypes stored at 2 °C for 3 weeks. Values at week 0 (date of harvest) were excluded. 




Fig. 1.2. Percent unmarketable fungicide and no fungicide-treated berries of muscadine 
genotypes stored at 2 °C for 3 weeks Values at week 0 (date of harvest) were excluded. 




Fig. 1.3. Force to penetrate skin of muscadine genotypes stored at 2 °C for 3 weeks 
averaged across fungicide treatment. Each standard error bar is constructed using 1 




Fig. 1.4. Force to penetrate berry skin of fungicide- and no fungicide-treated muscadine 
genotypes average across weeks. Each standard error bar is constructed using 1 




Fig. 1.5. Percent change in volume of muscadine genotypes stored at 2 °C for 3 weeks 
averaged across fungicide treatment. Values at week 0 (date of harvest) were excluded. 
Decrease in size shown with positive values, while an increase in size shown by 







Fig. 1.6. Percent change in volume of muscadine genotypes with fungicide and no 
fungicide treatments.  Decrease in size shown with positive values, while an increase in 
size shown by negative values. Each standard error bar is constructed using 1 standard 





Fig. 1.7. Percent titratable acidity of fungicide- and no fungicide-treated muscadine 
genotypes stored at 2 °C for 3 weeks. Each standard error bar is constructed using 1 




Fig. 1.8. pH of muscadine genotypes stored at 2 °C for 3 weeks. Each standard error bar 
is constructed using 1 standard error from the mean. 
 
68 
Fig. 1.9. pH of fungicide and no fungicide-treated muscadine genotypes Each standard 
error bar is constructed using 1 standard error from the mean. 
 
68 
Fig. 1.10. Percent soluble solids of muscadine genotypes stored at 2 °C for 3 weeks. 
Each standard error bar is constructed using 1 standard error from the mean. 
 
70 
Fig. 1.11. Percent soluble solids of fungicide- and no fungicide-applied muscadine 





Fig. 1.12. L* values of muscadine genotypes stored at 2 °C for 3 weeks. Each standard 
error bar is constructed using 1 standard error from the mean. 
 
76 
Fig. 1.13. L* values of fungicide and no fungicide-treated muscadine genotypes. Each 
standard error bar is constructed using 1 standard error from the mean. 
 
78 
Fig. 1.14. Chroma of muscadine genotypes stored at 2 °C for 3 weeks. Each standard 
error bar is constructed using 1 standard error from the mean. 
 
79 
Fig. 1.15 Hue angle of muscadine genotypes stored at 2 °C for 3 weeks. Each standard 
error bar is constructed using 1 standard error from the mean. 
 
81 
Fig. 1.16. Total anthocyanin content of fungicide- and no fungicide-treated muscadine 




Fig. 1.17. Oxygen radical absorbance capacity of fungicide- and no fungicide-treated 
muscadine genotypes. Each standard error bar is constructed using 1 standard error 




Fig. 1.18. Total flavonol concentrations of fungicide and no fungicide-treated 
muscadine genotypes. Each standard error bar is constructed using 1 standard error 




Fig. 1.19 Total ellagitannin concentration of fungicide- and no fungicide-treated 
muscadine genotypes. Each standard error bar is constructed using 1 standard error 




Chapter 2  
Fig. 2.1. Percent berry weight loss of muscadine genotypes stored at 2 °C for 3 weeks. 
Values at week 0 (date of harvest) were excluded. Each standard error bar is 




Fig. 2.2. Percent unmarketable of muscadine genotypes stored at 2 °C for 3 weeks. 
Values at week 0 (date of harvest) were excluded. Each standard error bar is 




Fig. 2.3. Force to penetrate skin of muscadine genotypes stored at 2 °C for 3 weeks Each 





Fig. 2.4. Percent change in volume of muscadine genotypes stored at 2 °C for 3 weeks. 
Values at week 0 (date of harvest) were excluded. Decrease in size shown with positive 
values, while an increase in size shown by negative values. Each standard error bar is 





Fig. 2.5. pH of muscadine genotypes stored at 2  °C for 3 weeks. Each standard error bar 
is constructed using 1 standard error from the mean (2012 and 2013). 
 
151 
Fig. 2.6. Titratable acidity (%) of muscadine genotypes stored at 2 °C for 3 weeks. Each 





Fig. 2.7. Soluble solids (%) of muscadine genotypes stored at 2 °C for 3 weeks. Each 





Fig. 2.8. Soluble solids to titratable acidity ratio of muscadine genotypes stored at 2 °C 
for 3 weeks. Each standard error bar is constructed using 1 standard error from the 




Fig. 2.9. L* values of muscadine genotypes stored at 2 °C for 3 weeks. Each standard 
error bar is constructed using 1 standard error from the mean (2012 and 2013). 
 
157 
Fig. 2.10. Hue angle of muscadine genotypes stored at 2 °C for 3 weeks. Each standard 
error bar is constructed using 1 standard error from the mean (2012 and 2013). 
 
159 
Fig. 2.11. Chroma of muscadine genotypes stored at 2 °C for 3 weeks. Each standard 
error bar is constructed using 1 standard error from the mean (2012 and 2013). 
 
160 
Fig. 2.12 Total anthocyanin concentrations of muscadine genotypes. Each standard 
error bar is constructed using 1 standard error from the mean (2012 and 2013). 
 
162 
Fig. 2.13. Total flavonol concentrations of muscadine genotypes. Each standard error 
bar is constructed using 1 standard error from the mean (2012 and 2013). 
 
165 
Fig. 2.14. Resveratrol concentrations of muscadine genotypes. Each standard error bar  
is constructed using 1 standard error from the mean (2012 and 2013). 168 
Fig. 2.15. Oxygen radical absorbance capacity (ORAC) of muscadine genotypes. Each 




Fig. 2.16. Storage performance of black and bronze muscadine genotypes, averaged 
across year (2012 and 2013) stored for 3 weeks at 2 °C. Each standard error bar is 




Fig. 2.17. Muscadine genotype AM 01 at date of harvest (left) and after 3 weeks of 





Fig. 2.18. Muscadine genotype AM 04 after 3 weeks of storage, demonstrating 
shriveling that occurred, likely caused by berry leakage (2012). 
 
175 
Chapter 3  
Fig. 3.1. Total anthocyanin concentrations of ‘Supreme’ muscadine berry segments 
stored at 2 °C for 6 weeks in 2012. Each standard error bar is constructed using 1 




Fig. 3.2. Total ellagitannin concentrations of ‘Supreme’ muscadine berry segments 
stored at 2 °C for 6 weeks in 2012. Each standard error bar is constructed using 1 




Fig. 3.3. Oxygen radical absorbance capacity (ORAC) of ‘Supreme’ muscadine berry 
segments stored at 2 °C for 6 weeks in 2012. Each standard error bar is constructed 




Fig. 3.4. Total flavonols of ‘Supreme’ muscadine berry segments from three different 
vines of ‘Supreme’ in 2012. Each standard error bar is constructed using 1 standard 




Fig. 3.5. Total flavonols of ‘Supreme’ muscadine berry segments stored at 2 °C for 6 





Fig. 3.6. Total phenolics of ‘Supreme’ muscadine berries stored at 2 °C for 6 weeks, 
averaged across berry segment in 2012. Each standard error bar is constructed using 1 




Fig. 3.7. Total phenolics of ‘Supreme’ berry muscadine segments from three different 
vines of ‘Supreme’ in 2012. Each standard error bar is constructed using 1 standard 




Fig. 3.8. Resveratrol concentrations of ‘Supreme’ muscadine berries from three 
different vines of ‘Supreme’ stored at 2 °C for 6 weeks in 2012. Values are averaged 
across berry segments. Each standard error bar is constructed using 1 standard error 





Fig. 3.9. Resveratrol concentrations of ‘Supreme’ muscadine berry segments from three 
different vines of ‘Supreme’ in 2012. Each standard error bar is constructed using 1 




Fig. 3.10. Resveratrol concentrations of ‘Supreme’ muscadine berry segments stored at 
2 °C for 6 weeks in 2012. Each standard error bar is constructed using 1 standard error 




Fig. 3.11. Total anthocyanin concentrations of ‘Supreme’ muscadine berry segments at 
harvest in 2012 and 2013. Each standard error bar is constructed using 1 standard 
 
 
error from the mean. 239 
Fig. 3.12. Total ellagitannin concentrations of  ‘Supreme’ muscadine berry segments at 
harvest averaged across year (2012 and 2013). Each standard error bar is constructed 




Fig. 3.13. Total flavonol concentrations of ‘Supreme’ muscadine berry segments at 
harvest in 2012 and 2013. Each standard error bar is constructed using 1 standard 




Fig. 3.14. Total phenolics of ‘Supreme’ muscadine berry segments at harvest in 2012 





Fig. 3.15. Resveratrol concentrations of ‘Supreme’ muscadine berry segments at 
harvest in 2012 and 2013. Each standard error bar is constructed using 1 standard 



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AM	01	 	Brz	 8.9	 0.5	 3.5	 21.3	 66.3	 9.2	 149.3
AM	04	 Bl	 11.1	 0.6	 3.8	 18.2	 61.2	 4.0	 131.7
AM	15	 Br	 8.6	 0.5	 3.4	 18.3	 66.8	 10.1	 155.7
AM	27	 Bl	 9.1	 0.6	 3.5	 18.7	 26.8	 2.2	 272.0
Nesbitt	 Bl	 11.1	 0.6	 3.7	 18.0	 27.7	 5.3	 291.4
Southern	Jewel	 Bl	 9.3	 0.5	 3.4	 17.6	 43.9	 15.0	 269.0
Summit	 Br	 9.7	 0.6	 3.8	 21.8	 42.1	 13.5	 70.8	
Supreme	 Bl	 9.6	 0.6	 3.8	 18.2	 26.7	 6.6	 306.5

























































Year	 1	 <0.0001 <0.0001	 <0.0001	 <0.0001
Week	 3	 <0.0001 <0.0001	 <0.0001	 0.0436	
Year*week	 3	 <0.0001 <0.0001	 <0.0001	 <0.0001
Genotype	 8	 <0.0001 <0.0001	 <0.0001	 <0.0001
Year*genotype	 8	 <0.0001 <0.0001	 <0.0001	 <0.0001
Week*genotype	 24	 <0.0001 <0.0001	 <0.0001	 <0.0001
Year*week*genotype	 24	 <0.0001 <0.0001	 <0.0001	 <0.0001	
Fungicide	 1	 0.5613	 <0.0001	 0.0104*	 0.7690	
Year*	fungicide	 1	 0.6075	 0.0021	 0.2674	 0.9538	
Week*	fungicide	 3	 0.7394	 <0.0001	 0.0782	 0.6968	
Year*week*	fungicide	 3	 0.9851	 <0.0001	 0.4468	 0.5977	
Genotype*	fungicide	 8	 <0.0001 <0.0001	 <0.0001	 <0.0001
Year*genotype*	fungicide	 8	 0.0002	 <0.0001	 0.0029	 0.0006	
Week*genotype*	fungicide	 	24	 0.1746	 <0.0001	 0.5859	 0.1137	































































































































































Year	 	 	 	 	
2012	 2.6	 17.1	 6.5	 0.5	
2013	 1.4	 18.5	 8.4	 3.6	
p	value	 <0.0001	 <0.0001	 <0.0001	 <0.0001	
Treatment	 	 	 	 	
Fungicide	 2.0	 16.5	 7.5	 2.2	
No	fungicide	 2.0	 19.2	 7.3	 1.9	
p	value	 0.5613	 <0.0001	 0.0104	 0.7690	
Week	 	 	 	 	
0	 0.0	dz	 0.0	d	 9.5	a	 0.0	b	
1	 1.4	c	 9.3	c	 7.1	b	 2.6	a	
2	 2.7	b	 19.6	b	 6.9	b	 3.6	a	
3	 4.0	a	 42.4	a	 6.3	c	 1.9	ab	
p	value	 <0.0001	 <0.0001	 <0.0001	 0.0436	
Genotype	 	 	 	 	
AM	01	 2.4	az	 25.0	ab	 6.5	de	 ‐4.1	c	
AM	04	 2.2	ab	 14.6	cde	 9.9	a	 ‐2.4	c	
AM	15	 2.1	ab	 20.2	abc	 6.3	ef	 ‐3.5	c	
AM	27	 1.6	c	 19.4	bcd	 6.5	de	 6.0	ab	
Nesbitt	 2.1	ab	 16.7	cde	 8.8	b	 8.0	a	
Southern	Jewel	 1.8	bc	 14.7	cde	 7.4	cd	 0.7	abc	
Summit	 1.8	bc	 13.6	de	 7.9	bc	 0.3	bc	
Supreme	 2.2	ab	 10.4	e	 8.3	bc	 7.6	ab	
Tara	 1.9	abc	 25.7	a	 5.4	f	 5.7	ab	



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Genotype	 0	 1	 2	 3	
AM	01	 58.2	c‐iz	 49.0	kl	 52.3	g‐l	 52.1	g‐l	
AM	04	 58.5	c‐h	 53.4	f‐l	 51.6	h‐l	 55.1	e‐l	
AM	15	 50.9	i‐l	 48.8	kl	 52.1	g‐l	 47.8	l	
AM	27	 56.0	e‐k	 51.2	h‐l	 52.3	g‐l	 52.4	g‐l	
Nesbitt	 50.4	j‐l	 52.6	g‐l	 60.2	b‐f	 60.7	b‐f	
Southern	Jewel	 49.8	j‐l	 49.0	kl	 59.3	c‐g	 53.8	f‐l	
Summit	 64.9	a‐c	 59.1	c‐g	 64.7	a‐c	 67.0	ab	
Supreme	 68.7	a	 63.5	a‐d	 63.6	a‐d	 57.1	d‐j	









































Year	 1	 <0.0001	 <0.0001	 <0.0001	
Week	 3	 0.0019	 0.7518	 <0.0001	
Year*week	 3	 0.1017	 0.0053	 <0.0001	
Genotype	 8	 <0.0001	 <0.0001	 <0.0001	
Year*genotype	 8	 <0.0001	 <0.0001	 <0.0001	
Week*genotype	 24	 <0.0001	 <0.0001	 <0.0001	
Year*week*genotype	 24	 <0.0001	 0.0010	 <0.0001	
Fungicide	 1	 0.0926	 0.5091	 0.9513	
Year*	fungicide	 1	 0.1220	 0.1067	 0.1677	
Week*	fungicide	 3	 0.1923	 0.8424	 0.0900	
Year*week*	fungicide	 3	 0.8201	 0.4554	 0.0494	
Genotype*	fungicide	 8	 0.0076	 0.3341	 0.8834	
Year*genotype*	fungicide	 8	 0.0569	 0.1807	 0.0316	
Week*genotype*	fungicide	 24	 0.0533	 0.6010	 0.1244	


























Year	 Treatment	 0	 1	 2	 3	
2012	 Fungicide	 41.8	az	 33.4	b	 32.8	b	 33.5	b	
2012	 No	fungicide	 42.4	a	 33.0	b	 33.5	b	 33.5	b	
2013	 Fungicide	 48.3	a	 38.1	ab	 39.8	ab	 36.9	ab	































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2012	 January		 11.4	 0.1	 111.84	
	 February	 11.8	 2.5	 65.50	
	 March		 21.4	 9.8	 198.73	
	 April		 23.08	 11.5	 81.86	
	 May		 26.6	 16.3	 18.88	
	 June		 32.9	 19.4	 14.36	
	 July		 36.5	 22.7	 40.56	
	 August		 33.9	 20.9	 62.47	
	 September		 28.4	 17.4	 158.19	
	 October		 20.2	 9.2	 127.21	
	 November		 16.2	 4.4	 23.56	
	 December		 11.8	 1.9	 3.23	
2013	 January		 9.1	 ‐0.7	 98.85	
	 February		 9.9	 ‐0.2	 70.63	
	 March		 2.8	 2.0	 130.30	
	 April		 19.5	 8.7	 119.37	
	 May		 23.9	 13.6	 163.07	
	 June		 29.8	 19.0	 54.61	
	 July		 31.4	 19.9	 100.35	
	 August			 30.4	 20.9	 178.82	
	 September		 30.2	 17.9	 57.91	
	 October		 20.9	 10.4	 106.18	
	 November	 12.6	 2.3	 103.14	































2012	 AM	01	 Fungicide	 0	 0.0	 0.0	 9.4	 0.0	
2012	 AM	01	 Fungicide	 1	 2.2	 16.4	 2.6	 3.7	
2012	 AM	01	 Fungicide	 2	 3.9	 17.2	 4.8	 ‐1.6	
2012	 AM	01	 Fungicide	 3	 5.9	 49.5	 5.1	 ‐7.2	
2012	 AM	01	 zNo	fung	 0	 0.0	 0.0	 8.9	 0.0	
2012	 AM	01	 No	fung	 1	 1.7	 18.9	 2.7	 ‐15.3	
2012	 AM	01	 No	fung	 2	 3.5	 25.6	 6.5	 ‐21.8	
2012	 AM	01	 No	fung	 3	 5.1	 54.6	 4.9	 ‐30.8	
2012	 AM	04	 Fungicide	 0	 0.0	 0.0	 10.3	 0.0	
2012	 AM	04	 Fungicide	 1	 2.3	 5.0	 9.0	 2.5	
2012	 AM	04	 Fungicide	 2	 4.0	 20.0	 7.6	 4.9	
2012	 AM	04	 Fungicide	 3	 6.3	 53.3	 6.6	 ‐7.8	
2012	 AM	04	 No	fung	 0	 0.0	 0.0	 9.2	 0.0	
2012	 AM	04	 No	fung	 1	 1.7	 9.9	 8.5	 ‐12.8	
2012	 AM	04	 No	fung	 2	 3.9	 29.2	 6.1	 ‐8.6	
2012	 AM	04	 No	fung	 3	 5.9	 64.8	 6.0	 ‐14.5	
2012	 AM	15	 Fungicide	 0	 0.0	 0.0	 7.8	 0.0	
2012	 AM	15	 Fungicide	 1	 1.8	 7.7	 7.1	 ‐27.6	
2012	 AM	15	 Fungicide	 2	 4.0	 21.8	 6.8	 ‐16.8	
2012	 AM	15	 Fungicide	 3	 7.1	 30.6	 2.4	 ‐12.2	
2012	 AM	15	 No	fung	 0	 0.0	 0.0	 8.0	 0.0	
2012	 AM	15	 No	fung	 1	 1.4	 15.8	 5.2	 ‐12.7	
2012	 AM	15	 No	fung	 2	 2.9	 24.6	 4.9	 ‐8.9	
2012	 AM	15	 No	fung	 3	 5.1	 41.9	 2.2	 ‐16.0	
2012	 AM	27	 Fungicide	 0	 0.0	 0.0	 9.3	 0.0	
2012	 AM	27	 Fungicide	 1	 1.2	 7.0	 7.2	 15.3	
2012	 AM	27	 Fungicide	 2	 2.4	 14.2	 2.1	 34.8	
2012	 AM	27	 Fungicide	 3	 3.6	 31.0	 4.8	 5.7	
2012	 AM	27	 No	fung	 0	 0.0	 0.0	 8.7	 0.0	
2012	 AM	27	 No	fung	 1	 1.4	 12.1	 7.2	 14.8	
2012	 AM	27	 No	fung	 2	 2.8	 22.8	 2.4	 8.6	
2012	 AM	27	 No	fung	 3	 4.3	 42.7	 4.8	 18.2	
2012	 Nesbitt	 Fungicide	 0	 0.0	 0.0	 9.9	 0.0	
2012	 Nesbitt	 Fungicide	 1	 2.1	 7.5	 7.2	 4.8	
2012	 Nesbitt	 Fungicide	 2	 3.3	 29.0	 6.4	 ‐6.2	
2012	 Nesbitt	 Fungicide	 3	 5.8	 81.7	 5.8	 ‐9.0	
















2012	 Nesbitt	 No	fung	 1	 2.9	 7.1	 8.7	 7.1	
2012	 Nesbitt	 No	fung	 2	 4.4	 18.8	 7.2	 13.7	
2012	 Nesbitt	 No	fung	 3	 6.5	 50.8	 5.6	 5.3	
2012	 S.	Jewel	 Fungicide	 0	 0.0	 0.0	 9.5	 0.0	
2012	 S.	Jewel	 Fungicide	 1	 1.8	 5.6	 2.7	 ‐2.6	
2012	 S.	Jewel	 Fungicide	 2	 3.5	 9.4	 6.5	 ‐3.1	
2012	 S.	Jewel	 Fungicide	 3	 4.9	 19.3	 6.7	 ‐7.0	
2012	 S.	Jewel	 No	fung	 0	 0.0	 0.0	 7.3	 0.0	
2012	 S.	Jewel	 No	fung	 1	 1.5	 6.9	 2.4	 6.6	
2012	 S.	Jewel	 No	fung	 2	 3.3	 11.6	 6.1	 5.8	
2012	 S.	Jewel	 No	fung	 3	 5.7	 23.2	 5.6	 ‐6.5	
2012	 Summit	 Fungicide	 0	 0.0	 0.0	 9.0	 0.0	
2012	 Summit	 Fungicide	 1	 1.1	 4.2	 2.8	 9.4	
2012	 Summit	 Fungicide	 2	 3.8	 13.8	 7.0	 10.9	
2012	 Summit	 Fungicide	 3	 3.5	 14.8	 8.8	 ‐3.3	
2012	 Summit	 No	fung	 0	 0.0	 0.0	 8.8	 0.0	
2012	 Summit	 No	fung	 1	 1.6	 5.6	 3.0	 4.6	
2012	 Summit	 No	fung	 2	 3.6	 19.0	 7.5	 7.4	
2012	 Summit	 No	fung	 3	 5.5	 20.7	 8.0	 ‐15.0	
2012	 Supreme	 Fungicide	 0	 0.0	 0.0	 10.6	 0.0	
2012	 Supreme	 Fungicide	 1	 1.5	 3.2	 8.9	 15.6	
2012	 Supreme	 Fungicide	 2	 3.6	 13.5	 8.1	 ‐1.7	
2012	 Supreme	 Fungicide	 3	 5.2	 26.7	 6.5	 8.4	
2012	 Supreme	 No	fung	 0	 0.0	 0.0	 9.1	 0.0	
2012	 Supreme	 No	fung	 1	 2.0	 2.2	 9.0	 23.4	
2012	 Supreme	 No	fung	 2	 3.5	 18.4	 7.3	 12.6	
2012	 Supreme	 No	fung	 3	 5.3	 24.0	 7.7	 20.4	
2012	 Tara	 Fungicide	 0	 0.0	 0.0	 8.4	 0.0	
2012	 Tara	 Fungicide	 1	 1.8	 12.1	 5.2	 9.0	
2012	 Tara	 Fungicide	 2	 3.3	 30.2	 2.1	 4.9	
2012	 Tara	 Fungicide	 3	 5.1	 34.4	 4.2	 ‐4.4	
2012	 Tara	 No	fung	 0	 0.0	 0.0	 7.7	 0.0	
2012	 Tara	 No	fung	 1	 1.6	 16.8	 5.4	 17.6	
2012	 Tara	 No	fung	 2	 3.1	 29.6	 1.8	 6.4	
2012	 Tara	 No	fung	 3	 4.7	 37.4	 4.2	 3.3	
2013	 AM	01	 Fungicide	 0	 0.0	 0.0	 8.4	 0.0	
2013	 AM	01	 Fungicide	 1	 1.5	 6.6	 6.8	 12.7	
2013	 AM	01	 Fungicide	 2	 2.7	 21.5	 7.6	 6.4	
2013	 AM	01	 Fungicide	 3	 3.9	 57.2	 5.8	 10.9	
















2013	 AM	01	 No	fung	 1	 1.5	 11.9	 8.1	 ‐10.7	
2013	 AM	01	 No	fung	 2	 2.6	 26.0	 8.0	 ‐7.7	
2013	 AM	01	 No	fung	 3	 4.1	 94.9	 5.0	 ‐3.5	
2013	 AM	04	 No	fung	 0	 0.0	 0.0	 12.9	 0.0	
2013	 AM	04	 No	fung	 1	 1.0	 2.9	 12.1	 2.8	
2013	 AM	04	 No	fung	 2	 1.7	 9.4	 11.0	 ‐1.0	
2013	 AM	04	 Fungicide	 3	 2.9	 14.5	 11.6	 ‐5.0	
2013	 AM	04	 No	fung	 0	 0.0	 0.0	 12.1	 0.0	
2013	 AM	04	 No	fung	 1	 1.1	 3.2	 12.6	 0.7	
2013	 AM	04	 No	fung	 2	 1.8	 8.2	 11.1	 3.4	
2013	 AM	04	 No	fung	 3	 2.8	 12.6	 11.2	 ‐3.5	
2013	 AM	15	 Fungicide	 0	 0.0	 0.0	 9.5	 0.0	
2013	 AM	15	 Fungicide	 1	 1.1	 14.5	 6.9	 13.3	
2013	 AM	15	 Fungicide	 2	 2.5	 21.0	 5.7	 10.7	
2013	 AM	15	 Fungicide	 3	 2.6	 50.5	 5.7	 6.9	
2013	 AM	15	 No	fung	 0	 0.0	 0.0	 9.1	 0.0	
2013	 AM	15	 No	fung	 1	 0.9	 18.0	 7.8	 ‐5.2	
2013	 AM	15	 No	fung	 2	 1.9	 23.5	 6.2	 1.0	
2013	 AM	15	 No	fung	 3	 2.8	 54.0	 5.7	 10.9	
2013	 AM	27	 Fungicide	 0	 0.0	 0.0	 8.8	 0.0	
2013	 AM	27	 Fungicide	 1	 1.0	 8.7	 7.1	 ‐5.7	
2013	 AM	27	 Fungicide	 2	 1.5	 24.8	 6.9	 ‐4.6	
2013	 AM	27	 Fungicide	 3	 2.2	 50.9	 6.1	 3.5	
2013	 AM	27	 No	fung	 0	 0.0	 0.0	 9.7	 0.0	
2013	 AM	27	 No	fung	 1	 0.9	 9.8	 7.1	 ‐5.0	
2013	 AM	27	 No	fung	 2	 1.7	 34.6	 6.3	 2.3	
2013	 AM	27	 No	fung	 3	 2.3	 51.5	 5.1	 8.2	
2013	 Nesbitt	 Fungicide	 0	 0.0	 0.0	 11.6	 0.0	
2013	 Nesbitt	 Fungicide	 1	 0.9	 4.1	 8.8	 23.4	
2013	 Nesbitt	 Fungicide	 2	 1.6	 7.5	 10.0	 10.1	
2013	 Nesbitt	 Fungicide	 3	 2.2	 21.8	 7.3	 19.7	
2013	 Nesbitt	 No	fung	 0	 0.0	 0.0	 13.2	 0.0	
2013	 Nesbitt	 No	fung	 1	 0.8	 6.1	 10.0	 20.6	
2013	 Nesbitt	 No	fung	 2	 1.5	 9.6	 11.1	 16.4	
2013	 Nesbitt	 No	fung	 3	 2.2	 22.8	 8.9	 22.5	
2013	 S.	Jewel	 Fungicide	 0	 0.0	 0.0	 10.1	 0.0	
2013	 S.	Jewel	 Fungicide	 1	 0.7	 12.0	 8.9	 ‐5.4	
2013	 S.	Jewel	 Fungicide	 2	 1.4	 12.7	 8.2	 4.6	
2013	 S.	Jewel	 Fungicide	 3	 2.2	 50.0	 8.6	 ‐2.4	
















2013	 S.	Jewel	 No	fung	 1	 0.6	 14.3	 9.4	 2.1	
2013	 S.	Jewel	 No	fung	 2	 1.4	 16.4	 8.8	 9.7	
2013	 S.	Jewel	 No	fung	 3	 2.0	 53.6	 7.8	 9.1	
2013	 Summit	 Fungicide	 0	 0.0	 0.0	 11.1	 0.0	
2013	 Summit	 Fungicide	 1	 0.9	 4.6	 9.4	 ‐8.4	
2013	 Summit	 Fungicide	 2	 1.8	 11.2	 10.6	 ‐4.7	
2013	 Summit	 Fungicide	 3	 2.3	 50.3	 7.3	 ‐5.1	
2013	 Summit	 No	fung	 0	 0.0	 0.0	 9.7	 0.0	
2013	 Summit	 No	fung	 1	 1.0	 8.1	 7.8	 ‐1.7	
2013	 Summit	 No	fung	 2	 1.6	 14.4	 8.8	 4.7	
2013	 Summit	 No	fung	 3	 2.2	 51.2	 7.2	 6.5	
2013	 Supreme	 Fungicide	 0	 0.0	 0.0	 10.4	 0.0	
2013	 Supreme	 Fungicide	 1	 1.4	 4.1	 8.7	 ‐4.0	
2013	 Supreme	 Fungicide	 2	 2.5	 8.1	 8.3	 10.3	
2013	 Supreme	 Fungicide	 3	 3.6	 24.1	 8.2	 21.6	
2013	 Supreme	 No	fung	 0	 0.0	 0.0	 8.5	 0.0	
2013	 Supreme	 No	fung	 1	 1.3	 3.8	 7.9	 ‐6.6	
2013	 Supreme	 No	fung	 2	 2.3	 8.9	 6.9	 7.3	
2013	 Supreme	 No	fung	 3	 3.2	 29.3	 7.4	 14.3	
2013	 Tara	 Fungicide	 0	 0.0	 0.0	 8.5	 0.0	
2013	 Tara	 Fungicide	 1	 0.8	 16.2	 5.7	 1.5	
2013	 Tara	 Fungicide	 2	 1.9	 34.3	 5.3	 11.8	
2013	 Tara	 Fungicide	 3	 2.7	 64.1	 4.6	 11.8	
2013	 Tara	 No	fung	 0	 0.0	 0.0	 7.9	 0.0	
2013	 Tara	 No	fung	 1	 0.9	 22.1	 6.1	 7.4	
2013	 Tara	 No	fung	 2	 1.8	 44.3	 5.3	 6.2	




























2012	 AM	01	 Fungicide	 0	 0.5	 3.6	 24.1	 67.4	
2012	 AM	01	 Fungicide	 1	 0.6	 3.7	 24.2	 51.8	
2012	 AM	01	 Fungicide	 2	 0.6	 3.7	 23.8	 51.3	
2012	 AM	01	 Fungicide	 3	 0.6	 3.7	 23.6	 51.0	
2012	 AM	01	 xNo	fung	 0	 0.6	 3.7	 25.6	 55.4	
2012	 AM	01	 No	fung	 1	 0.6	 3.7	 25.9	 56.1	
2012	 AM	01	 No	fung	 2	 0.6	 3.6	 25.0	 56.1	
2012	 AM	01	 No	fung	 3	 0.6	 3.6	 25.7	 57.6	
2012	 AM	04	 Fungicide	 0	 0.6	 3.7	 19.3	 41.2	
2012	 AM	04	 Fungicide	 1	 0.6	 3.7	 18.8	 40.9	
2012	 AM	04	 Fungicide	 2	 0.5	 3.5	 19.3	 45.0	
2012	 AM	04	 Fungicide	 3	 0.6	 3.5	 18.6	 41.9	
2012	 AM	04	 No	fung	 0	 0.6	 3.8	 20.3	 42.2	
2012	 AM	04	 No	fung	 1	 0.6	 3.7	 20.3	 43.3	
2012	 AM	04	 No	fung	 2	 0.6	 3.9	 21.2	 43.2	
2012	 AM	04	 No	fung	 3	 0.6	 3.8	 20.1	 42.4	
2012	 AM	15	 Fungicide	 0	 0.5	 3.4	 18.8	 44.1	
2012	 AM	15	 Fungicide	 1	 0.5	 3.3	 19.0	 45.9	
2012	 AM	15	 Fungicide	 2	 0.5	 3.3	 19.1	 46.6	
2012	 AM	15	 Fungicide	 3	 0.5	 3.3	 19.3	 46.5	
2012	 AM	15	 No	fung	 0	 0.5	 3.5	 19.6	 45.0	
2012	 AM	15	 No	fung	 1	 0.5	 3.3	 19.8	 47.3	
2012	 AM	15	 No	fung	 2	 0.5	 3.4	 19.7	 46.6	
2012	 AM	15	 No	fung	 3	 0.5	 3.3	 19.5	 47.6	
2012	 AM	27	 Fungicide	 0	 0.5	 3.4	 19.3	 46.4	
2012	 AM	27	 Fungicide	 1	 0.5	 3.4	 18.4	 43.3	
2012	 AM	27	 Fungicide	 2	 0.5	 3.5	 19.1	 43.8	
2012	 AM	27	 Fungicide	 3	 0.5	 3.4	 19.6	 45.5	
2012	 AM	27	 No	fung	 0	 0.5	 3.5	 20.5	 47.5	
2012	 AM	27	 No	fung	 1	 0.5	 3.4	 19.8	 47.1	
2012	 AM	27	 No	fung	 2	 0.5	 3.4	 19.2	 45.2	
2012	 AM	27	 No	fung	 3	 0.5	 3.4	 19.5	 45.3	
2012	 Nesbitt	 Fungicide	 0	 0.6	 3.7	 20.8	 45.2	
2012	 Nesbitt	 Fungicide	 1	 0.6	 3.9	 22.0	 45.2	
2012	 Nesbitt	 Fungicide	 2	 0.6	 3.8	 22.2	 46.8	
2012	 Nesbitt	 Fungicide	 3	 0.6	 3.7	 21.4	 46.2	












2012	 Nesbitt	 No	fung	 1	 0.6	 3.6	 20.0	 44.3	
2012	 Nesbitt	 No	fung	 2	 0.6	 3.7	 20.5	 44.6	
2012	 Nesbitt	 No	fung	 3	 0.6	 3.7	 21.3	 46.1	
2012	 Southern	Jewel	 Fungicide	 0	 0.5	 3.3	 16.7	 41.2	
2012	 Southern	Jewel	 Fungicide	 1	 0.5	 3.3	 16.3	 39.7	
2012	 Southern	Jewel	 Fungicide	 2	 0.5	 3.4	 18.4	 43.5	
2012	 Southern	Jewel	 Fungicide	 3	 0.5	 3.3	 18.3	 43.9	
2012	 Southern	Jewel	 No	fung	 0	 0.5	 3.4	 17.2	 41.1	
2012	 Southern	Jewel	 No	fung	 1	 0.5	 3.5	 18.5	 42.5	
2012	 Southern	Jewel	 No	fung	 2	 0.5	 3.4	 18.4	 49.9	
2012	 Southern	Jewel	 No	fung	 3	 0.5	 3.4	 19.2	 44.7	
2012	 Summit	 Fungicide	 0	 0.6	 3.9	 26.3	 53.9	
2012	 Summit	 Fungicide	 1	 0.6	 3.7	 23.9	 51.8	
2012	 Summit	 Fungicide	 2	 0.6	 3.8	 26.1	 54.8	
2012	 Summit	 Fungicide	 3	 0.6	 3.8	 26.0	 54.8	
2012	 Summit	 No	fung	 0	 0.6	 3.8	 27.3	 56.8	
2012	 Summit	 No	fung	 1	 0.6	 3.8	 25.5	 54.2	
2012	 Summit	 No	fung	 2	 0.6	 3.6	 24.0	 53.0	
2012	 Summit	 No	fung	 3	 0.6	 3.6	 25.8	 56.7	
2012	 Supreme	 Fungicide	 0	 0.6	 3.6	 19.1	 42.6	
2012	 Supreme	 Fungicide	 1	 0.6	 3.8	 20.8	 43.9	
2012	 Supreme	 Fungicide	 2	 0.6	 3.8	 21.1	 44.7	
2012	 Supreme	 Fungicide	 3	 0.6	 3.7	 20.3	 43.4	
2012	 Supreme	 No	fung	 0	 0.6	 3.6	 17.8	 39.2	
2012	 Supreme	 No	fung	 1	 0.6	 3.9	 21.2	 43.3	
2012	 Supreme	 No	fung	 2	 0.6	 3.8	 20.5	 42.8	
2012	 Supreme	 No	fung	 3	 0.6	 3.7	 20.2	 44.1	
2012	 Tara	 Fungicide	 0	 0.6	 3.6	 20.8	 46.9	
2012	 Tara	 Fungicide	 1	 0.6	 3.6	 22.0	 49.2	
2012	 Tara	 Fungicide	 2	 0.6	 3.6	 22.3	 49.0	
2012	 Tara	 Fungicide	 3	 0.6	 3.6	 22.2	 49.0	
2012	 Tara	 No	fung	 0	 0.6	 3.6	 20.8	 47.0	
2012	 Tara	 No	fung	 1	 0.6	 3.6	 20.8	 46.8	
2012	 Tara	 No	fung	 2	 0.6	 3.6	 21.2	 47.5	
2012	 Tara	 No	fung	 3	 0.6	 3.7	 21.8	 47.7	
2013	 AM	01	 Fungicide	 0	 0.6	 3.6	 17.7	 56.0	
2013	 AM	01	 Fungicide	 1	 0.6	 3.6	 17.8	 38.4	
2013	 AM	01	 Fungicide	 2	 0.6	 3.6	 17.5	 55.2	
2013	 AM	01	 Fungicide	 3	 0.6	 3.6	 18.1	 52.4	












2013	 AM	01	 No	fung	 1	 0.6	 3.6	 17.3	 49.7	
2013	 AM	01	 No	fung	 2	 0.6	 3.6	 17.2	 46.5	
2013	 AM	01	 No	fung	 3	 0.6	 3.6	 18.1	 47.3	
2013	 AM	04	 Fungicide	 0	 0.6	 3.8	 16.6	 78.3	
2013	 AM	04	 Fungicide	 1	 0.6	 3.7	 17.2	 69.5	
2013	 AM	04	 Fungicide	 2	 0.6	 3.7	 16.4	 60.0	
2013	 AM	04	 Fungicide	 3	 0.6	 3.8	 16.4	 77.3	
2013	 AM	04	 No	fung	 0	 0.6	 3.8	 16.5	 72.5	
2013	 AM	04	 No	fung	 1	 0.6	 3.7	 16.4	 60.0	
2013	 AM	04	 No	fung	 2	 0.6	 3.7	 16.7	 58.0	
2013	 AM	04	 No	fung	 3	 0.6	 3.7	 16.6	 58.6	
2013	 AM	15	 Fungicide	 0	 0.5	 3.4	 17.3	 54.2	
2013	 AM	15	 Fungicide	 1	 0.5	 3.4	 17.9	 51.3	
2013	 AM	15	 Fungicide	 2	 0.5	 3.4	 18.1	 56.1	
2013	 AM	15	 Fungicide	 3	 0.5	 3.5	 18.1	 59.0	
2013	 AM	15	 No	fung	 0	 0.5	 3.5	 17.4	 60.5	
2013	 AM	15	 No	fung	 1	 0.5	 3.3	 17.0	 50.8	
2013	 AM	15	 No	fung	 2	 0.5	 3.4	 18.0	 59.4	
2013	 AM	15	 No	fung	 3	 0.5	 3.4	 12.7	 38.2	
2013	 AM	27	 Fungicide	 0	 0.6	 3.7	 17.7	 68.9	
2013	 AM	27	 Fungicide	 1	 0.6	 3.6	 18.0	 56.5	
2013	 AM	27	 Fungicide	 2	 0.6	 3.7	 18.0	 57.3	
2013	 AM	27	 Fungicide	 3	 0.6	 3.7	 18.0	 62.3	
2013	 AM	27	 No	fung	 0	 0.6	 3.7	 17.1	 61.3	
2013	 AM	27	 No	fung	 1	 0.6	 3.6	 18.1	 57.7	
2013	 AM	27	 No	fung	 2	 0.6	 3.7	 18.2	 62.8	
2013	 AM	27	 No	fung	 3	 0.6	 3.7	 17.7	 56.5	
2013	 Nesbitt	 Fungicide	 0	 0.6	 3.9	 16.5	 57.7	
2013	 Nesbitt	 Fungicide	 1	 0.6	 3.6	 15.7	 62.8	
2013	 Nesbitt	 Fungicide	 2	 0.6	 3.7	 16.4	 77.9	
2013	 Nesbitt	 Fungicide	 3	 0.6	 3.8	 16.6	 90.7	
2013	 Nesbitt	 No	fung	 0	 0.6	 3.9	 16.6	 55.2	
2013	 Nesbitt	 No	fung	 1	 0.6	 3.8	 16.6	 58.0	
2013	 Nesbitt	 No	fung	 2	 0.6	 3.8	 17.0	 71.4	
2013	 Nesbitt	 No	fung	 3	 0.6	 3.8	 17.0	 59.6	
2013	 Southern	Jewel	 Fungicide	 0	 0.5	 3.5	 17.4	 51.8	
2013	 Southern	Jewel	 Fungicide	 1	 0.5	 3.4	 17.9	 52.8	
2013	 Southern	Jewel	 Fungicide	 2	 0.5	 3.4	 17.9	 71.6	
2013	 Southern	Jewel	 Fungicide	 3	 0.5	 3.5	 17.8	 60.0	












2013	 Southern	Jewel	 No	fung	 1	 0.5	 3.5	 18.9	 61.2	
2013	 Southern	Jewel	 No	fung	 2	 0.6	 3.6	 19.2	 72.3	
2013	 Southern	Jewel	 No	fung	 3	 0.6	 3.6	 18.7	 66.6	
2013	 Summit	 Fungicide	 0	 0.6	 3.8	 15.9	 76.3	
2013	 Summit	 Fungicide	 1	 0.6	 3.6	 15.9	 59.9	
2013	 Summit	 Fungicide	 2	 0.6	 3.7	 16.3	 76.2	
2013	 Summit	 Fungicide	 3	 0.6	 3.7	 17.2	 81.0	
2013	 Summit	 No	fung	 0	 0.6	 3.8	 17.7	 72.8	
2013	 Summit	 No	fung	 1	 0.6	 3.7	 17.9	 70.6	
2013	 Summit	 No	fung	 2	 0.6	 3.6	 17.4	 74.9	
2013	 Summit	 No	fung	 3	 0.6	 3.6	 17.9	 75.6	
2013	 Supreme	 Fungicide	 0	 0.6	 4.1	 17.8	 104.4	
2013	 Supreme	 Fungicide	 1	 0.6	 3.9	 17.6	 79.6	
2013	 Supreme	 Fungicide	 2	 0.6	 3.9	 18.3	 90.9	
2013	 Supreme	 Fungicide	 3	 0.6	 3.9	 17.3	 76.0	
2013	 Supreme	 No	fung	 0	 0.6	 4.0	 18.1	 88.5	
2013	 Supreme	 No	fung	 1	 0.6	 3.9	 17.9	 87.2	
2013	 Supreme	 No	fung	 2	 0.6	 3.9	 17.7	 75.9	
2013	 Supreme	 No	fung	 3	 0.6	 3.8	 16.2	 65.0	
2013	 Tara	 Fungicide	 0	 0.6	 3.8	 16.9	 85.4	
2013	 Tara	 Fungicide	 1	 0.6	 3.8	 17.3	 78.0	
2013	 Tara	 Fungicide	 2	 0.6	 3.7	 17.5	 71.9	
2013	 Tara	 Fungicide	 3	 0.6	 3.6	 17.3	 60.2	
2013	 Tara	 No	fung	 0	 0.6	 3.7	 16.5	 67.7	
2013	 Tara	 No	fung	 1	 0.6	 3.7	 17.2	 68.0	
2013	 Tara	 No	fung	 2	 0.6	 3.7	 17.1	 63.6	


























2012	 AM	01	 Fungicide	 0	 13.6	 76.2	 43.7	
2012	 AM	01	 Fungicide	 1	 12.6	 76.0	 42.3	
2012	 AM	01	 Fungicide	 2	 12.6	 77.3	 40.1	
2012	 AM	01	 Fungicide	 3	 12.1	 76.5	 42.0	
2012	 AM	01	 No	fungicide	 0	 14.0	 71.3	 43.2	
2012	 AM	01	 No	fungicide	 1	 13.4	 66.4	 39.6	
2012	 AM	01	 No	fungicide	 2	 14.4	 72.4	 42.3	
2012	 AM	01	 No	fungicide	 3	 13.5	 74.1	 39.5	
2012	 AM	04	 Fungicide	 0	 3.7	 55.2	 95.1	
2012	 AM	04	 Fungicide	 1	 2.9	 277.2 25.2	
2012	 AM	04	 Fungicide	 2	 2.6	 128.9 27.2	
2012	 AM	04	 Fungicide	 3	 3.1	 239.4 27.3	
2012	 AM	04	 No	fungicide	 0	 5.6	 69.5	 96.8	
2012	 AM	04	 No	fungicide	 1	 3.4	 286.1 25.5	
2012	 AM	04	 No	fungicide	 2	 2.5	 200.9 26.9	
2012	 AM	04	 No	fungicide	 3	 2.6	 241.3 27.0	
2012	 AM	15	 Fungicide	 0	 11.7	 47.6	 41.4	
2012	 AM	15	 Fungicide	 1	 12.8	 55.5	 41.6	
2012	 AM	15	 Fungicide	 2	 14.2	 50.5	 41.5	
2012	 AM	15	 Fungicide	 3	 13.7	 56.9	 41.9	
2012	 AM	15	 No	fungicide	 0	 12.2	 55.8	 42.3	
2012	 AM	15	 No	fungicide	 1	 11.9	 54.1	 40.8	
2012	 AM	15	 No	fungicide	 2	 12.9	 58.9	 40.7	
2012	 AM	15	 No	fungicide	 3	 13.8	 60.2	 42.7	
2012	 AM	27	 Fungicide	 0	 2.4	 203.2 27.6	
2012	 AM	27	 Fungicide	 1	 2.2	 277.3 27.2	
2012	 AM	27	 Fungicide	 2	 2.9	 165.7 26.8	
2012	 AM	27	 Fungicide	 3	 2.4	 277.4 26.7	
2012	 AM	27	 No	fungicide	 0	 2.1	 198.5 26.8	
2012	 AM	27	 No	fungicide	 1	 2.6	 278.5 26.8	
2012	 AM	27	 No	fungicide	 2	 3.1	 125.6 27.2	
2012	 AM	27	 No	fungicide	 3	 2.6	 279.7 26.0	
2012	 Nesbitt	 Fungicide	 0	 4.3	 284.1 26.3	
2012	 Nesbitt	 Fungicide	 1	 4.2	 201.6 26.1	
2012	 Nesbitt	 Fungicide	 2	 2.5	 239.1 26.6	
2012	 Nesbitt	 Fungicide	 3	 2.9	 239.2 26.9	
2012	 Nesbitt	 No	fungicide	 0	 9.2	 365.1 29.6	







2012	 Nesbitt	 No	fungicide	 2	 5.3	 324.6 26.8	
2012	 Nesbitt	 No	fungicide	 3	 5.0	 283.9 27.1	
2012	 Southern	Jewel	 Fungicide	 0	 8.2	 206.9 30.2	
2012	 Southern	Jewel	 Fungicide	 1	 5.9	 122.5 28.7	
2012	 Southern	Jewel	 Fungicide	 2	 4.7	 278.2 25.3	
2012	 Southern	Jewel	 Fungicide	 3	 4.8	 204.4 28.1	
2012	 Southern	Jewel	 No	fungicide	 0	 5.2	 311.6 29.6	
2012	 Southern	Jewel	 No	fungicide	 1	 3.8	 272.9 27.8	
2012	 Southern	Jewel	 No	fungicide	 2	 5.5	 121.8 25.9	
2012	 Southern	Jewel	 No	fungicide	 3	 3.6	 236.0 28.8	
2012	 Summit	 Fungicide	 0	 13.9	 49.9	 39.1	
2012	 Summit	 Fungicide	 1	 14.9	 55.2	 39.6	
2012	 Summit	 Fungicide	 2	 16.8	 51.9	 38.2	
2012	 Summit	 Fungicide	 3	 13.5	 51.0	 36.8	
2012	 Summit	 No	fungicide	 0	 14.9	 47.8	 39.9	
2012	 Summit	 No	fungicide	 1	 15.1	 51.7	 40.4	
2012	 Summit	 No	fungicide	 2	 15.5	 65.2	 41.0	
2012	 Summit	 No	fungicide	 3	 15.0	 51.3	 39.0	
2012	 Supreme	 Fungicide	 0	 5.9	 360.0 27.9	
2012	 Supreme	 Fungicide	 1	 5.7	 360.0 26.7	
2012	 Supreme	 Fungicide	 2	 3.6	 290.1 27.7	
2012	 Supreme	 Fungicide	 3	 5.2	 360.0 28.9	
2012	 Supreme	 No	fungicide	 0	 8.6	 360.0 27.9	
2012	 Supreme	 No	fungicide	 1	 4.2	 360.0 26.5	
2012	 Supreme	 No	fungicide	 2	 4.5	 360.0 27.4	
2012	 Supreme	 No	fungicide	 3	 5.5	 360.0 28.4	
2012	 Tara	 Fungicide	 0	 14.1	 81.6	 44.5	
2012	 Tara	 Fungicide	 1	 12.2	 82.3	 43.7	
2012	 Tara	 Fungicide	 2	 12.2	 73.6	 41.8	
2012	 Tara	 Fungicide	 3	 12.9	 82.2	 42.8	
2012	 Tara	 No	fungicide	 0	 13.9	 83.2	 45.7	
2012	 Tara	 No	fungicide	 1	 12.8	 80.0	 44.4	
2012	 Tara	 No	fungicide	 2	 13.1	 76.7	 43.1	
2012	 Tara	 No	fungicide	 3	 11.9	 83.7	 43.3	
2013	 AM	01	 Fungicide	 0	 4.6	 231.6 87.7	
2013	 AM	01	 Fungicide	 1	 5.3	 174.8 87.2	
2013	 AM	01	 Fungicide	 2	 3.8	 113.5 101.4	
2013	 AM	01	 Fungicide	 3	 5.7	 142.4 84.2	
2013	 AM	01	 No	fungicide	 0	 4.7	 218.1 90.5	
2013	 AM	01	 No	fungicide	 1	 6.4	 211.0 85.6	







2013	 AM	01	 No	fungicide	 3	 3.5	 207.7 83.3	
2013	 AM	04	 Fungicide	 0	 3.3	 242.9 26.4	
2013	 AM	04	 Fungicide	 1	 3.1	 321.5 24.6	
2013	 AM	04	 Fungicide	 2	 3.9	 366.2 25.1	
2013	 AM	04	 Fungicide	 3	 3.2	 284.5 24.6	
2013	 AM	04	 No	fungicide	 0	 3.5	 159.0 26.6	
2013	 AM	04	 No	fungicide	 1	 2.9	 122.3 25.3	
2013	 AM	04	 No	fungicide	 2	 2.9	 285.3 24.5	
2013	 AM	04	 No	fungicide	 3	 3.9	 287.2 24.2	
2013	 AM	15	 Fungicide	 0	 7.0	 262.7 92.4	
2013	 AM	15	 Fungicide	 1	 11.6	 54.4	 36.5	
2013	 AM	15	 Fungicide	 2	 14.9	 56.0	 39.8	
2013	 AM	15	 Fungicide	 3	 14.0	 62.4	 37.4	
2013	 AM	15	 No	fungicide	 0	 9.5	 256.9 91.0	
2013	 AM	15	 No	fungicide	 1	 11.5	 69.0	 42.2	
2013	 AM	15	 No	fungicide	 2	 12.3	 64.4	 41.0	
2013	 AM	15	 No	fungicide	 3	 13.5	 63.8	 32.6	
2013	 AM	27	 Fungicide	 0	 2.3	 344.4 26.8	
2013	 AM	27	 Fungicide	 1	 1.9	 307.0 25.6	
2013	 AM	27	 Fungicide	 2	 1.9	 310.7 26.2	
2013	 AM	27	 Fungicide	 3	 2.0	 272.3 25.5	
2013	 AM	27	 No	fungicide	 0	 2.0	 342.0 25.9	
2013	 AM	27	 No	fungicide	 1	 1.6	 306.3 26.4	
2013	 AM	27	 No	fungicide	 2	 2.1	 345.8 26.2	
2013	 AM	27	 No	fungicide	 3	 2.2	 347.6 25.8	
2013	 Nesbitt	 Fungicide	 0	 3.2	 317.5 26.6	
2013	 Nesbitt	 Fungicide	 1	 4.4	 120.7 27.7	
2013	 Nesbitt	 Fungicide	 2	 3.8	 242.1 27.1	
2013	 Nesbitt	 Fungicide	 3	 4.0	 237.4 26.2	
2013	 Nesbitt	 No	fungicide	 0	 4.4	 198.8 28.4	
2013	 Nesbitt	 No	fungicide	 1	 3.1	 201.7 27.0	
2013	 Nesbitt	 No	fungicide	 2	 3.3	 279.3 27.0	
2013	 Nesbitt	 No	fungicide	 3	 4.5	 328.1 25.7	
2013	 Southern	Jewel	 Fungicide	 0	 23.4	 293.3 59.8	
2013	 Southern	Jewel	 Fungicide	 1	 2.5	 309.9 26.8	
2013	 Southern	Jewel	 Fungicide	 2	 2.5	 344.1 26.2	
2013	 Southern	Jewel	 Fungicide	 3	 3.5	 236.5 27.4	
2013	 Southern	Jewel	 No	fungicide	 0	 23.1	 264.1 56.1	
2013	 Southern	Jewel	 No	fungicide	 1	 2.6	 313.3 27.3	
2013	 Southern	Jewel	 No	fungicide	 2	 2.6	 305.1 26.3	







2013	 Summit	 Fungicide	 0	 12.6	 93.4	 44.6	
2013	 Summit	 Fungicide	 1	 11.9	 93.2	 42.6	
2013	 Summit	 Fungicide	 2	 12.7	 92.9	 42.7	
2013	 Summit	 Fungicide	 3	 10.1	 86.1	 38.5	
2013	 Summit	 No	fungicide	 0	 12.7	 92.1	 44.9	
2013	 Summit	 No	fungicide	 1	 11.9	 83.1	 41.9	
2013	 Summit	 No	fungicide	 2	 13.8	 86.6	 38.6	
2013	 Summit	 No	fungicide	 3	 10.1	 81.5	 33.8	
2013	 Supreme	 Fungicide	 0	 6.2	 204.0 25.5	
2013	 Supreme	 Fungicide	 1	 6.2	 287.7 27.1	
2013	 Supreme	 Fungicide	 2	 5.8	 360.0 27.1	
2013	 Supreme	 Fungicide	 3	 5.9	 289.9 27.0	
2013	 Supreme	 No	fungicide	 0	 5.6	 285.2 25.3	
2013	 Supreme	 No	fungicide	 1	 5.6	 203.5 26.4	
2013	 Supreme	 No	fungicide	 2	 10.6	 285.5 27.2	
2013	 Supreme	 No	fungicide	 3	 5.4	 208.4 26.5	
2013	 Tara	 Fungicide	 0	 13.1	 99.4	 45.2	
2013	 Tara	 Fungicide	 1	 16.9	 85.8	 45.3	
2013	 Tara	 Fungicide	 2	 12.9	 84.3	 42.7	
2013	 Tara	 Fungicide	 3	 13.6	 92.6	 41.2	
2013	 Tara	 No	fungicide	 0	 13.4	 97.9	 46.2	
2013	 Tara	 No	fungicide	 1	 17.5	 98.4	 47.5	
2013	 Tara	 No	fungicide	 2	 11.2	 94.1	 41.1	













Table A.5. Interaction means of the berry nutraceutical concentrations of total phenolics, total anthocyanins, total 
ellagitannins, total flavonols, and resveratrol, and the antioxidant capacity (ORAC) of fungicide and no fungicide treated 
muscadine genotypes. 
















2012 AM 01 Fungicide 0.0 2.2 70.2 37.1 606.5 8.0 
2012 AM 01 No fung 0.0 2.1 71.2 41.0 604.7 13.2 
2012 AM 04 Fungicide 127.8 14.0 74.3 36.2 512.4 5.2 
2012 AM 04 No fung 109.3 7.1 71.3 26.1 539.2 7.0 
2012 AM 15 Fungicide 0.0 4.4 74.5 61.7 636.3 3.7 
2012 AM 15 No fung 0.0 4.4 86.7 29.3 639.8 3.9 
2012 AM 27 Fungicide 107.9 4.9 125.3 29.1 812.7 15.3 
2012 AM 27 No fung 122.0 8.0 81.7 21.5 669.3 16.7 
2012 Nesbitt Fungicide 74.0 7.5 103.3 16.5 498.4 5.5 
2012 Nesbitt No fung 17.9 2.0 72.2 17.3 518.6 4.3 
2012 S. Jewel Fungicide 31.5 2.5 88.6 20.8 580.6 6.7 
2012 S. Jewel No fung 78.1 4.3 67.6 9.1 694.7 5.8 
2012 Summit Fungicide 0.0 14.1 71.9 44.7 651.4 9.3 
2012 Summit No fung 0.0 10.5 86.8 63.1 492.1 4.8 
2012 Supreme Fungicide 10.5 0.6 53.4 5.0 369.9 2.9 
2012 Supreme No fung 16.7 1.6 52.7 7.3 366.1 4.1 
2012 Tara Fungicide 0.0 1.6 54.5 30.6 500.9 4.6 
2012 Tara No fung 0.0 2.9 47.7 19.5 439.0 5.1 
2013 AM 01 Fungicide 0.0 5.4 73.0 27.4 482.4 5.2 
2013 AM 01 No fung 0.0 4.0 71.2 15.8 528.3 3.9 
2013 AM 04 Fungicide 42.8 13.0 98.0 19.5 492.3 4.2 
2013 AM 04 No fung 41.1 12.2 97.2 18.4 558.3 5.5 
2013 AM 15 Fungicide 0.0 11.0 81.5 38.9 530.9 3.9 
2013 AM 15 No fung 0.0 11.9 87.2 47.9 604.3 3.8 
















2013 AM 27 Fungicide 46.7 6.6 119.0 17.4 543.4 4.9 
2013 AM 27 No fung 41.8 6.6 94.8 14.7 448.3 4.6 
2013 Nesbitt Fungicide 49.4 12.4 85.9 19.9 560.5 3.2 
2013 Nesbitt No fung 22.5 7.7 67.8 11.0 450.1 8.1 
2013 S. Jewel Fungicide 44.6 9.0 109.8 18.9 655.8 3.9 
2013 S. Jewel No fung 31.3 7.5 111.3 15.7 579.0 3.2 
2013 Summit Fungicide 0.0 13.1 64.6 32.4 579.2 8.1 
2013 Summit No fung 0.0 11.2 57.6 23.4 535.0 11.1 
2013 Supreme Fungicide 9.1 5.9 56.5 8.4 315.5 5.2 
2013 Supreme No fung 19.9 5.7 57.8 11.5 354.2 12.1 
2013 Tara Fungicide 0.0 5.9 60.6 14.8 452.7 3.5 
2013 Tara No fung 0.0 4.2 65.9 12.7 476.6 3.3 
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Table A.6. Study 1 multivariate correlation coefficients among muscadine berry storage quality, composition, color, and 
nutraceutical content for 2012 and 2013. *Significant at P=0.05.  
WLz UMy VCx TAw  pH SSv L* Chru Huet Fors Anthq Ellap ORACo Flan TPm
WLz 
UMy -0.1 
VCx -0.2 -0.29 
TAw 0.2 -0.36 0.39 
pH 0.3 -0.35 0.40 0.99* 
 SSv 0.1 0.26 -0.24 0.26 0.29 
L* 0.4 0.63 -0.59 -0.28 -0.23 0.59 
Chru 0.1 0.34 -0.27 -0.17 -0.17 0.48 0.59 
Huet -0.1 -0.52 0.47 0.23 0.23 -0.52 -0.72 -0.9* 
Fors 0.3 -0.7* 0.03 0.53 0.52 -0.21 -0.46 -0.53 0.50 
Anthq -0.3 -0.24 0.12 0.02 0.01 -0.52 -0.59 -0.9* 0.64 0.43 
Ellap  -0.2 -0.35 -0.27 0.10 0.08 -0.01 -0.19 -0.02 -0.20 0.49 0.34 
ORACo -0.5 -0.05 -0.17 -0.51 -0.51 -0.39 -0.28 -0.52 0.27 0.06 0.69 0.31 
Flan 0.1 0.18 -0.59 -0.39 -0.39 0.36 0.55 0.58 -0.78 -0.21 -0.35 0.49 0.11 
TPm -0.5 0.21 -0.46 -0.71 -0.70 -0.04 0.17 0.01 -0.25 -0.23 0.26 0.33 0.77* 0.5 
Resl -0.3 -0.02 0.04 0.11 0.09 0.39 -0.06 -0.27 0.16 -0.02 0.24 0.06 0.23 0.1 0.2 
zWL=weight loss of berries (%)  
yUM=umarketable berries (%) 
xVC=volume change (%) 
wTA=titratable acidity (%) measures as tartaric acid 
vSS=soluble solids (%) 
uChr=Chroma  
tHue=hue angle 
sFor=force to penetrate berry skin (%) 
qAnth=total anthocyanins (mg/100 g) 
pElla=total ellagitannins (mg/100 g) 
oORAC=oxygen radial absorbance capacity (µmol Trolox equivalent/ g) 
nFla=total flavonols (mg/100 g) 










































































































































































































































































































































AM	01	 		Brz	 8.8	 0.5	 3.5	 21.6	 66.8	 9.4	 144.7	
AM	02	 Bl	 9.5	 0.5	 3.9	 18.9	 26.7	 2.1	 330.3	
AM	03	 Br	 10.0	 0.3	 3.7	 20.8	 71.9	 10.9	 92.3	
AM	04	 Bl	 10.6	 0.4	 3.8	 18.4	 61.7	 4.6	 114.3	
AM	15	 Br	 8.5	 0.5	 3.5	 18.5	 66.6	 10.9	 156.3	
AM	18	 Bl	 8.5	 0.3	 3.8	 16.9	 44.4	 2.8	 263.9	
AM	26	 Br	 9.9	 0.4	 3.9	 19.1	 43.1	 13.3	 85.2	
AM	27	 Bl	 9.2	 0.4	 3.6	 18.8	 26.3	 2.0	 270.3	
AM	28	 Bl	 10.5	 0.4	 3.7	 17.6	 25.9	 3.7	 322.8	
Delicious	 Bl	 7.7	 0.4	 3.5	 18.5	 43.7	 2.6	 245.3	
Fry	 Br	 7.8	 0.4	 3.7	 20.6	 44.0	 15.6	 91.3	
Ison	 Bl	 7.4	 0.5	 3.3	 17.4	 27.2	 5.3	 317.0	
Nesbitt	 Bl	 11.5	 0.4	 3.6	 17.5	 29.0	 6.8	 279.3	
Southern	Jewel	 Bl	 8.9	 0.4	 3.5	 18.1	 42.8	 14.2	 287.8	
Summit	 Br	 9.2	 0.5	 3.8	 22.5	 42.4	 13.8	 70.0	
Supreme	 Bl	 8.8	 0.4	 3.8	 18.0	 26.6	 7.1	 321.1	



















Year	 1	 <0.0001 0.3305	 <0.0001	 <0.0001	
Week	 3	 <0.0001 <0.0001	 <0.0001	 0.0011	
Year*week	 3	 <0.0001 <0.0001	 <0.0001	 <0.0001	
Genotype	 16	 <0.0001 <0.0001	 <0.0001	 <0.0001	
Year*genotype	 16	 <0.0001 <0.0001	 <0.0001	 <0.0001	
Week*genotype	 48	 0.0003	 <0.0001	 <0.0001	 0.0418	







































































































































































































































































































































































































































































































Year	 1	 <0.0001	 <0.0001	 <0.0001	 <0.0001	
Week	 3	 0.3220	 0.0218	 0.0220	 0.0075	
Year*week	 3	 0.5716	 <0.0001	 0.6181	 <0.0001	
Genotype	 16	 <0.0001	 <0.0001	 <0.0001	 <0.0001	
Year*genotype	 16	 <0.0001	 <0.0001	 <0.0001	 <0.0001	
Week*genotype	 48	 0.0033	 <0.0001	 <0.0001	 <0.0001	




































































































































































































































































































































































































































Year	 1	 0.3190	 <0.0001	 <0.0001	
Week	 3	 0.0046	 0.0807	 <0.0001	
Year*week	 3	 0.0006	 <0.0207	 <0.0001	
Genotype	 16	 <0.0001	 <0.0001	 <0.0001	
Year*genotype	 16	 <0.0001	 <0.0001	 <0.0001	
Week*genotype	 48	 <0.0001	 0.0099	 <0.0001	












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2012	 January		 11.4	 0.1	 111.84	
	 February	 11.8	 2.5	 65.50	
	 March		 21.4	 9.8	 198.73	
	 April		 23.08	 11.5	 81.86	
	 May		 26.6	 16.3	 18.88	
	 June		 32.9	 19.4	 14.36	
	 July		 36.5	 22.7	 40.56	
	 August		 33.9	 20.9	 62.47	
	 September		 28.4	 17.4	 158.19	
	 October		 20.2	 9.2	 127.21	
	 November		 16.2	 4.4	 23.56	
	 December		 11.8	 1.9	 3.23	
2013	 January		 9.1	 ‐0.7	 98.85	
	 February		 9.9	 ‐0.2	 70.63	
	 March		 2.8	 2.0	 130.30	
	 April		 19.5	 8.7	 119.37	
	 May		 23.9	 13.6	 163.07	
	 June		 29.8	 19.0	 54.61	
	 July		 31.4	 19.9	 100.35	
	 August			 30.4	 20.9	 178.82	
	 September		 30.2	 17.9	 57.91	
	 October		 20.9	 10.4	 106.18	
	 November	 12.6	 2.3	 103.14	





















AM	01	 2012	 0	 0.0	 8.9	 0.0	 0.0	
AM	01	 2012	 1	 1.7	 2.7	 12.9	 18.9	
AM	01	 2012	 2	 3.5	 6.5	 17.7	 25.4	
AM	01	 2012	 3	 5.1	 4.9	 20.3	 54.6	
AM	01	 2013	 0	 0.0	 8.7	 0.0	 0.0	
AM	01	 2013	 1	 1.5	 8.1	 ‐10.7	 11.9	
AM	01	 2013	 2	 2.6	 8.0	 ‐7.7	 26.0	
AM	01	 2013	 3	 4.1	 5.0	 ‐3.5	 94.9	
AM	02	 2012	 0	 0.0	 9.8	 0.0	 0.0	
AM	02	 2012	 1	 1.5	 2.8	 ‐21.9	 14.3	
AM	02	 2012	 2	 3.1	 6.5	 ‐35.4	 22.2	
AM	02	 2012	 3	 5.0	 4.3	 ‐17.9	 56.1	
AM	02	 2013	 0	 0.0	 9.2	 0.0	 0.0	
AM	02	 2013	 1	 1.1	 7.9	 8.4	 7.0	
AM	02	 2013	 2	 1.9	 7.4	 3.0	 17.6	
AM	02	 2013	 3	 3.2	 6.8	 ‐3.4	 56.6	
AM	03	 2012	 0	 0.0	 8.9	 0.0	 0.0	
AM	03	 2012	 1	 1.6	 3.2	 1.0	 3.5	
AM	03	 2012	 2	 3.0	 7.7	 0.9	 11.3	
AM	03	 2012	 3	 4.5	 7.4	 10.0	 15.3	
AM	03	 2013	 0	 0.0	 11.1	 0.0	 0.0	
AM	03	 2013	 1	 1.5	 10.9	 1.8	 2.7	
AM	03	 2013	 2	 3.0	 8.7	 2.7	 4.1	
AM	03	 2013	 3	 4.2	 8.0	 14.6	 18.5	
AM	04	 2012	 0	 0.0	 9.2	 0.0	 0.0	
AM	04	 2012	 1	 1.7	 8.5	 9.9	 9.9	
AM	04	 2012	 2	 3.9	 6.1	 6.9	 29.2	
AM	04	 2012	 3	 5.9	 6.0	 12.1	 64.8	
AM	04	 2013	 0	 0.0	 12.1	 0.0	 0.0	
AM	04	 2013	 1	 1.1	 12.6	 0.7	 3.2	
AM	04	 2013	 2	 1.8	 11.1	 3.4	 8.2	
AM	04	 2013	 3	 2.8	 11.2	 ‐3.5	 12.6	
AM	15	 2012	 0	 0.0	 8.0	 0.0	 0.0	
AM	15	 2012	 1	 1.4	 5.2	 11.0	 15.8	
AM	15	 2012	 2	 2.9	 4.9	 7.3	 24.6	
AM	15	 2012	 3	 5.1	 2.2	 13.4	 41.9	
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AM	15	 2013	 0	 0.0	 9.1	 0.0	 0.0	
AM	15	 2013	 1	 0.9	 7.8	 ‐5.2	 18.0	
AM	15	 2013	 2	 1.9	 6.2	 1.0	 23.5	
AM	15	 2013	 3	 2.8	 5.7	 10.9	 54.0	
AM	18	 2012	 0	 0.0	 8.4	 0.0	 0.0	
AM	18	 2012	 1	 2.1	 2.7	 ‐13.9	 6.7	
AM	18	 2012	 2	 3.9	 6.3	 14.4	 22.0	
AM	18	 2012	 3	 6.2	 5.8	 16.6	 38.7	
AM	18	 2013	 0	 0.0	 8.6	 0.0	 0.0	
AM	18	 2013	 1	 1.1	 7.5	 10.0	 12.0	
AM	18	 2013	 2	 1.9	 6.0	 0.5	 17.5	
AM	18	 2013	 3	 2.7	 6.4	 10.2	 39.7	
AM	26	 2012	 0	 0.0	 8.6	 0.0	 0.0	
AM	26	 2012	 1	 1.3	 7.2	 ‐1.5	 14.6	
AM	26	 2012	 2	 3.3	 7.5	 3.2	 32.7	
AM	26	 2012	 3	 5.1	 5.1	 1.3	 60.7	
AM	26	 2013	 0	 0.0	 11.2	 0.0	 0.0	
AM	26	 2013	 1	 1.2	 10.5	 11.1	 1.5	
AM	26	 2013	 2	 1.8	 10.8	 15.2	 3.7	
AM	26	 2013	 3	 2.6	 8.9	 15.7	 8.8	
AM	27	 2012	 0	 0.0	 8.7	 0.0	 0.0	
AM	27	 2012	 1	 1.4	 7.2	 ‐19.2	 12.1	
AM	27	 2012	 2	 2.8	 2.4	 ‐11.2	 22.8	
AM	27	 2012	 3	 4.3	 4.8	 ‐23.0	 42.7	
AM	27	 2013	 0	 0.0	 9.7	 0.0	 0.0	
AM	27	 2013	 1	 0.9	 7.1	 ‐5.0	 9.8	
AM	27	 2013	 2	 1.7	 6.3	 2.3	 34.6	
AM	27	 2013	 3	 2.3	 5.1	 8.2	 51.5	
AM	28	 2012	 0	 0.0	 10.4	 0.0	 0.0	
AM	28	 2012	 1	 1.7	 9.4	 ‐16.6	 6.0	
AM	28	 2012	 2	 3.4	 3.7	 ‐31.9	 16.1	
AM	28	 2012	 3	 5.2	 8.1	 ‐13.6	 28.2	
AM	28	 2013	 0	 0.0	 10.7	 0.0	 0.0	
AM	28	 2013	 1	 0.9	 10.6	 2.3	 1.8	
AM	28	 2013	 2	 1.5	 10.0	 11.6	 5.9	
AM	28	 2013	 3	 1.9	 9.4	 16.9	 11.8	
Delicious	 2012	 0	 0.0	 8.6	 0.0	 0.0	
Delicious	 2012	 1	 1.4	 6.6	 ‐14.8	 12.5	
Delicious	 2012	 2	 3.1	 2.2	 ‐8.6	 27.6	
Delicious	 2012	 3	 4.7	 5.4	 ‐0.9	 32.3	
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Delicious	 2013	 0	 0.0	 6.9	 0.0	 0.0	
Delicious	 2013	 1	 1.0	 6.5	 ‐8.2	 21.1	
Delicious	 2013	 2	 1.7	 6.4	 3.5	 18.5	
Delicious	 2013	 3	 2.3	 4.2	 6.1	 39.6	
Fry	 2012	 0	 0.0	 6.7	 0.0	 0.0	
Fry	 2012	 1	 1.6	 4.8	 1.9	 4.8	
Fry	 2012	 2	 3.2	 4.1	 14.2	 23.5	
Fry	 2012	 3	 5.0	 4.6	 8.8	 65.8	
Fry	 2013	 0	 0.0	 8.9	 0.0	 0.0	
Fry	 2013	 1	 1.3	 7.0	 4.7	 17.2	
Fry	 2013	 2	 2.7	 5.7	 10.4	 37.3	
Fry	 2013	 3	 4.1	 5.6	 13.1	 73.9	
Ison	 2012	 0	 0.0	 5.9	 0.0	 0.0	
Ison	 2012	 1	 1.9	 2.4	 ‐1.3	 9.0	
Ison	 2012	 2	 3.5	 4.5	 ‐10.2	 21.4	
Ison	 2012	 3	 5.2	 4.5	 ‐11.0	 52.9	
Ison	 2013	 0	 0.0	 8.8	 0.0	 0.0	
Ison	 2013	 1	 1.3	 6.0	 ‐2.1	 11.7	
Ison	 2013	 2	 2.0	 5.7	 13.8	 33.3	
Ison	 2013	 3	 3.2	 4.0	 21.1	 54.3	
Nesbitt	 2012	 0	 0.0	 9.8	 0.0	 0.0	
Nesbitt	 2012	 1	 2.9	 8.7	 ‐7.7	 7.1	
Nesbitt	 2012	 2	 4.4	 7.2	 ‐15.9	 18.8	
Nesbitt	 2012	 3	 6.5	 5.6	 ‐5.8	 50.8	
Nesbitt	 2013	 0	 0.0	 13.2	 0.0	 0.0	
Nesbitt	 2013	 1	 0.8	 10.0	 20.6	 6.1	
Nesbitt	 2013	 2	 1.5	 11.1	 16.4	 9.6	
Nesbitt	 2013	 3	 2.2	 8.9	 22.5	 22.8	
Southern	Jewel	 2012	 0	 0.0	 7.3	 0.0	 0.0	
Southern	Jewel	 2012	 1	 1.5	 2.4	 ‐7.5	 6.9	
Southern	Jewel	 2012	 2	 3.3	 6.1	 ‐7.0	 11.6	
Southern	Jewel	 2012	 3	 5.7	 5.6	 5.9	 23.2	
Southern	Jewel	 2013	 0	 0.0	 10.5	 0.0	 0.0	
Southern	Jewel	 2013	 1	 0.6	 9.4	 2.1	 14.3	
Southern	Jewel	 2013	 2	 1.4	 8.8	 9.7	 16.4	
Southern	Jewel	 2013	 3	 2.0	 7.8	 9.1	 53.6	
Summit	 2012	 0	 0.0	 8.8	 0.0	 0.0	
Summit	 2012	 1	 1.6	 3.0	 ‐8.0	 5.6	
Summit	 2012	 2	 3.6	 7.5	 ‐9.0	 19.0	
Summit	 2012	 3	 5.5	 8.0	 12.6	 20.7	
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Summit	 2013	 0	 0.0	 9.7	 0.0	 0.0	
Summit	 2013	 1	 1.0	 7.8	 ‐1.7	 8.1	
Summit	 2013	 2	 1.6	 8.8	 4.7	 14.4	
Summit	 2013	 3	 2.2	 7.2	 6.5	 51.3	
Supreme	 2012	 0	 0.0	 9.1	 0.0	 0.0	
Supreme	 2012	 1	 2.0	 9.0	 ‐31.7	 2.2	
Supreme	 2012	 2	 3.5	 7.3	 ‐14.7	 18.4	
Supreme	 2012	 3	 5.3	 7.7	 ‐26.6	 24.0	
Supreme	 2013	 0	 0.0	 8.5	 0.0	 0.0	
Supreme	 2013	 1	 1.3	 7.9	 ‐6.6	 3.8	
Supreme	 2013	 2	 2.3	 6.9	 7.3	 8.9	
Supreme	 2013	 3	 3.2	 7.4	 14.3	 29.3	
Tara	 2012	 0	 0.0	 7.7	 0.0	 0.0	
Tara	 2012	 1	 1.6	 5.4	 ‐23.5	 16.8	
Tara	 2012	 2	 3.1	 1.8	 ‐7.9	 29.7	
Tara	 2012	 3	 4.7	 4.2	 ‐4.0	 37.4	
Tara	 2013	 0	 0.0	 7.9	 0.0	 0.0	
Tara	 2013	 1	 0.9	 6.1	 7.4	 22.1	
Tara	 2013	 2	 1.8	 5.3	 6.2	 44.3	
































AM	01	 2012	 0	 0.6	 3.7	 25.6	 55.4	
AM	01	 2012	 1	 0.6	 3.7	 25.9	 56.1	
AM	01	 2012	 2	 0.6	 3.6	 25.0	 56.1	
AM	01	 2012	 3	 0.6	 3.6	 25.7	 57.6	
AM	01	 2013	 0	 0.4	 3.2	 17.7	 54.1	
AM	01	 2013	 1	 0.4	 3.6	 17.3	 49.7	
AM	01	 2013	 2	 0.5	 3.6	 17.2	 46.5	
AM	01	 2013	 3	 0.5	 3.6	 18.1	 47.3	
AM	02	 2012	 0	 0.6	 3.8	 20.3	 42.3	
AM	02	 2012	 1	 0.6	 3.8	 20.8	 43.5	
AM	02	 2012	 2	 0.6	 3.7	 19.3	 42.0	
AM	02	 2012	 3	 0.6	 3.8	 20.0	 42.1	
AM	02	 2013	 0	 0.3	 4.0	 17.4	 70.4	
AM	02	 2013	 1	 0.3	 4.0	 17.4	 74.6	
AM	02	 2013	 2	 0.3	 4.0	 18.2	 80.2	
AM	02	 2013	 3	 0.3	 3.9	 18.3	 70.5	
AM	03	 2012	 0	 0.3	 3.6	 23.5	 112.1	
AM	03	 2012	 1	 0.3	 3.5	 25.2	 101.6	
AM	03	 2012	 2	 0.3	 3.6	 23.6	 112.6	
AM	03	 2012	 3	 0.3	 3.6	 23.6	 91.1	
AM	03	 2013	 0	 0.3	 3.7	 18.1	 80.7	
AM	03	 2013	 1	 0.3	 3.7	 18.4	 87.2	
AM	03	 2013	 2	 0.3	 3.7	 17.9	 74.6	
AM	03	 2013	 3	 0.3	 3.8	 18.5	 80.2	
AM	04	 2012	 0	 0.6	 3.8	 20.3	 42.2	
AM	04	 2012	 1	 0.6	 3.7	 20.3	 43.3	
AM	04	 2012	 2	 0.6	 3.9	 21.2	 43.2	
AM	04	 2012	 3	 0.6	 3.8	 20.1	 42.4	
AM	04	 2013	 0	 0.3	 3.8	 16.5	 72.5	
AM	04	 2013	 1	 0.3	 3.7	 16.4	 60.0	
AM	04	 2013	 2	 0.4	 3.7	 16.7	 58.0	
AM	04	 2013	 3	 0.4	 3.7	 16.6	 58.6	
AM	15	 2012	 0	 0.5	 3.5	 19.6	 45.0	
AM	15	 2012	 1	 0.5	 3.3	 19.8	 47.3	
AM	15	 2012	 2	 0.5	 3.4	 19.7	 46.6	
AM	15	 2012	 3	 0.5	 3.3	 19.5	 47.6	
AM	15	 2013	 0	 0.4	 3.5	 17.4	 60.5	
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AM	15	 2013	 1	 0.4	 3.3	 17.0	 50.8	
AM	15	 2013	 2	 0.4	 3.4	 18.0	 59.4	
AM	15	 2013	 3	 0.4	 3.4	 18.3	 38.2	
AM	18	 2012	 0	 0.3	 4.0	 17.5	 83.3	
AM	18	 2012	 1	 0.2	 3.7	 18.0	 95.0	
AM	18	 2012	 2	 0.3	 3.8	 18.4	 88.1	
AM	18	 2012	 3	 0.3	 3.7	 17.6	 75.6	
AM	18	 2013	 0	 0.3	 3.7	 16.3	 60.4	
AM	18	 2013	 1	 0.3	 3.7	 15.4	 66.0	
AM	18	 2013	 2	 0.3	 3.6	 16.0	 57.7	
AM	18	 2013	 3	 0.4	 3.7	 15.7	 55.0	
AM	26	 2012	 0	 0.6	 3.9	 22.3	 46.2	
AM	26	 2012	 1	 0.3	 3.9	 22.3	 106.8	
AM	26	 2012	 2	 0.6	 3.8	 22.5	 48.1	
AM	26	 2012	 3	 0.6	 3.7	 20.6	 44.0	
AM	26	 2013	 0	 0.2	 3.9	 15.8	 80.3	
AM	26	 2013	 1	 0.3	 3.8	 15.8	 75.2	
AM	26	 2013	 2	 0.3	 3.8	 15.8	 70.4	
AM	26	 2013	 3	 0.3	 3.8	 15.6	 73.6	
AM	27	 2012	 0	 0.5	 3.5	 20.5	 47.5	
AM	27	 2012	 1	 0.5	 3.4	 19.8	 47.1	
AM	27	 2012	 2	 0.5	 3.4	 19.2	 45.2	
AM	27	 2012	 3	 0.5	 3.4	 19.5	 45.3	
AM	27	 2013	 0	 0.4	 3.7	 17.1	 61.3	
AM	27	 2013	 1	 0.4	 3.6	 18.1	 57.7	
AM	27	 2013	 2	 0.4	 3.7	 18.2	 62.8	
AM	27	 2013	 3	 0.4	 3.7	 17.7	 56.5	
AM	28	 2012	 0	 0.6	 3.6	 21.0	 46.2	
AM	28	 2012	 1	 0.6	 3.6	 20.7	 45.7	
AM	28	 2012	 2	 0.5	 3.5	 19.9	 45.4	
AM	28	 2012	 3	 0.5	 3.5	 21.3	 49.0	
AM	28	 2013	 0	 0.2	 3.8	 14.1	 83.7	
AM	28	 2013	 1	 0.2	 3.8	 14.3	 88.0	
AM	28	 2013	 2	 0.2	 3.7	 14.2	 71.9	
AM	28	 2013	 3	 0.3	 3.7	 14.6	 68.5	
Delicious	 2012	 0	 0.5	 3.4	 20.4	 47.7	
Delicious	 2012	 1	 0.5	 3.5	 20.3	 46.9	
Delicious	 2012	 2	 0.5	 3.4	 21.4	 49.9	
Delicious	 2012	 3	 0.5	 3.4	 20.5	 48.0	
Delicious	 2013	 0	 0.4	 3.5	 16.7	 58.3	
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Delicious	 2013	 1	 0.5	 3.5	 16.0	 39.9	
Delicious	 2013	 2	 0.5	 3.5	 17.0	 45.3	
Delicious	 2013	 3	 0.5	 3.6	 17.5	 46.5	
Fry	 2012	 0	 0.6	 3.7	 22.9	 50.0	
Fry	 2012	 1	 0.6	 3.6	 21.8	 48.1	
Fry	 2012	 2	 0.6	 3.6	 22.7	 50.7	
Fry	 2012	 3	 0.6	 3.6	 22.7	 50.1	
Fry	 2013	 0	 0.3	 3.7	 18.3	 70.6	
Fry	 2013	 1	 0.3	 3.8	 19.6	 73.8	
Fry	 2013	 2	 0.3	 3.8	 18.6	 76.6	
Fry	 2013	 3	 0.4	 3.7	 19.8	 63.6	
Ison	 2012	 0	 0.6	 3.1	 16.6	 35.3	
Ison	 2012	 1	 0.5	 3.1	 16.8	 44.8	
Ison	 2012	 2	 0.4	 3.3	 19.8	 69.9	
Ison	 2012	 3	 0.3	 3.4	 18.4	 67.0	
Ison	 2013	 0	 0.4	 3.4	 18.2	 54.0	
Ison	 2013	 1	 0.5	 3.4	 18.0	 50.1	
Ison	 2013	 2	 0.4	 3.5	 18.8	 59.7	
Ison	 2013	 3	 0.4	 3.5	 19.3	 62.3	
Nesbitt	 2012	 0	 0.5	 3.4	 18.3	 43.6	
Nesbitt	 2012	 1	 0.6	 3.6	 20.0	 44.3	
Nesbitt	 2012	 2	 0.6	 3.7	 20.5	 44.6	
Nesbitt	 2012	 3	 0.6	 3.7	 21.3	 46.1	
Nesbitt	 2013	 0	 0.3	 3.9	 16.6	 75.5	
Nesbitt	 2013	 1	 0.4	 3.8	 16.6	 58.0	
Nesbitt	 2013	 2	 0.3	 3.8	 17.0	 71.4	
Nesbitt	 2013	 3	 0.4	 3.8	 17.0	 59.6	
Southern	Jewel	 2012	 0	 0.5	 3.4	 17.2	 41.1	
Southern	Jewel	 2012	 1	 0.5	 3.5	 18.5	 42.5	
Southern	Jewel	 2012	 2	 0.5	 3.4	 18.4	 49.9	
Southern	Jewel	 2012	 3	 0.5	 3.4	 19.2	 44.7	
Southern	Jewel	 2013	 0	 0.4	 3.6	 18.9	 65.3	
Southern	Jewel	 2013	 1	 0.4	 3.5	 18.9	 61.2	
Southern	Jewel	 2013	 2	 0.3	 3.6	 19.2	 72.3	
Southern	Jewel	 2013	 3	 0.4	 3.6	 18.7	 66.6	
Summit	 2012	 0	 0.6	 3.8	 27.3	 56.8	
Summit	 2012	 1	 0.6	 3.8	 25.5	 54.2	
Summit	 2012	 2	 0.6	 3.6	 24.0	 53.0	
Summit	 2012	 3	 0.6	 3.6	 25.8	 56.7	
Summit	 2013	 0	 0.3	 3.8	 17.7	 72.8	
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Summit	 2013	 1	 0.3	 3.7	 17.9	 70.6	
Summit	 2013	 2	 0.3	 3.6	 17.4	 74.9	
Summit	 2013	 3	 0.3	 3.6	 17.9	 75.6	
Supreme	 2012	 0	 0.6	 3.6	 17.8	 39.2	
Supreme	 2012	 1	 0.6	 3.9	 21.2	 43.3	
Supreme	 2012	 2	 0.6	 3.8	 20.5	 42.8	
Supreme	 2012	 3	 0.6	 3.7	 20.2	 44.1	
Supreme	 2013	 0	 0.3	 4.0	 18.1	 88.5	
Supreme	 2013	 1	 0.3	 3.9	 17.9	 87.2	
Supreme	 2013	 2	 0.3	 3.9	 17.7	 75.9	
Supreme	 2013	 3	 0.3	 3.8	 16.2	 65.0	
Tara	 2012	 0	 0.6	 3.6	 20.8	 47.0	
Tara	 2012	 1	 0.6	 3.6	 20.8	 46.8	
Tara	 2012	 2	 0.6	 3.6	 21.2	 47.5	
Tara	 2012	 3	 0.6	 3.7	 21.8	 47.7	
Tara	 2013	 0	 0.3	 3.7	 16.5	 67.7	
Tara	 2013	 1	 0.3	 3.7	 17.2	 68.0	
Tara	 2013	 2	 0.3	 3.7	 17.1	 63.6	

























Genotype	 Year	 Week	 L*	 Chroma	 Hue	angle	
AM	01	 2012	 0	 43.2	 14.0	 71.3	
AM	01	 2012	 1	 39.6	 13.4	 66.4	
AM	01	 2012	 2	 42.3	 14.4	 72.4	
AM	01	 2012	 3	 39.5	 13.5	 74.1	
AM	01	 2013	 0	 90.5	 4.7	 218.1	
AM	01	 2013	 1	 85.6	 6.4	 211.0	
AM	01	 2013	 2	 105.5	 5.0	 135.7	
AM	01	 2013	 3	 83.3	 3.5	 207.7	
AM	02	 2012	 0	 27.4	 2.2	 314.4	
AM	02	 2012	 1	 25.4	 2.8	 238.3	
AM	02	 2012	 2	 25.5	 4.1	 280.4	
AM	02	 2012	 3	 26.7	 2.1	 316.6	
AM	02	 2013	 0	 26.0	 2.0	 346.2	
AM	02	 2013	 1	 24.5	 2.1	 270.3	
AM	02	 2013	 2	 26.6	 2.0	 349.2	
AM	02	 2013	 3	 26.0	 2.9	 272.7	
AM	03	 2012	 0	 46.8	 18.5	 56.0	
AM	03	 2012	 1	 44.5	 17.9	 54.0	
AM	03	 2012	 2	 44.6	 18.3	 60.5	
AM	03	 2012	 3	 45.0	 16.9	 60.2	
AM	03	 2013	 0	 97.1	 3.4	 128.5	
AM	03	 2013	 1	 45.3	 14.6	 92.4	
AM	03	 2013	 2	 43.9	 13.9	 95.1	
AM	03	 2013	 3	 43.0	 12.8	 92.5	
AM	04	 2012	 0	 96.8	 5.6	 69.5	
AM	04	 2012	 1	 25.5	 3.4	 286.1	
AM	04	 2012	 2	 26.9	 2.5	 200.9	
AM	04	 2012	 3	 27.0	 2.6	 241.3	
AM	04	 2013	 0	 26.6	 3.5	 159.0	
AM	04	 2013	 1	 25.3	 2.9	 122.3	
AM	04	 2013	 2	 24.5	 2.9	 278.7	
AM	04	 2013	 3	 24.2	 3.9	 280.5	
AM	15	 2012	 0	 42.3	 12.2	 55.8	
AM	15	 2012	 1	 40.8	 11.9	 54.1	
AM	15	 2012	 2	 40.7	 12.9	 58.9	
AM	15	 2012	 3	 42.7	 13.8	 60.2	
AM	15	 2013	 0	 91.0	 9.5	 256.9	
AM	15	 2013	 1	 42.2	 11.5	 69.0	
AM	15	 2013	 2	 41.0	 12.3	 64.4	
AM	15	 2013	 3	 32.6	 13.5	 63.8	
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Genotype	 Year	 Week	 L*	 Chroma	 Hue	angle	
AM	18	 2012	 0	 28.9	 3.1	 237.3	
AM	18	 2012	 1	 26.8	 2.6	 198.6	
AM	18	 2012	 2	 25.7	 3.3	 123.4	
AM	18	 2012	 3	 27.3	 3.1	 312.7	
AM	18	 2013	 0	 59.9	 2.4	 290.4	
AM	18	 2013	 1	 26.1	 2.1	 235.6	
AM	18	 2013	 2	 26.6	 2.0	 306.5	
AM	18	 2013	 3	 26.4	 2.1	 233.2	
AM	26	 2012	 0	 41.6	 12.8	 77.3	
AM	26	 2012	 1	 38.8	 11.0	 75.7	
AM	26	 2012	 2	 38.6	 11.8	 71.9	
AM	26	 2012	 3	 40.8	 11.7	 81.8	
AM	26	 2013	 0	 44.6	 13.8	 93.2	
AM	26	 2013	 1	 43.9	 13.9	 90.0	
AM	26	 2013	 2	 43.4	 11.8	 93.1	
AM	26	 2013	 3	 42.2	 13.0	 86.3	
AM	27	 2012	 0	 26.8	 2.1	 198.5	
AM	27	 2012	 1	 26.8	 2.6	 278.5	
AM	27	 2012	 2	 27.2	 3.1	 125.6	
AM	27	 2012	 3	 26.0	 2.6	 278.4	
AM	27	 2013	 0	 25.9	 2.0	 342.0	
AM	27	 2013	 1	 26.4	 1.6	 306.3	
AM	27	 2013	 2	 26.2	 2.1	 345.8	
AM	27	 2013	 3	 25.8	 2.2	 347.6	
AM	28	 2012	 0	 28.8	 3.5	 286.8	
AM	28	 2012	 1	 26.6	 3.2	 120.7	
AM	28	 2012	 2	 27.5	 3.1	 126.4	
AM	28	 2012	 3	 26.4	 2.6	 286.3	
AM	28	 2013	 0	 22.9	 3.9	 358.7	
AM	28	 2013	 1	 26.2	 4.5	 322.8	
AM	28	 2013	 2	 25.8	 4.1	 357.4	
AM	28	 2013	 3	 26.0	 4.7	 358.9	
Delicious	 2012	 0	 27.4	 2.1	 198.5	
Delicious	 2012	 1	 27.5	 2.5	 271.4	
Delicious	 2012	 2	 27.0	 2.3	 275.9	
Delicious	 2012	 3	 26.8	 2.4	 201.0	
Delicious	 2013	 0	 60.0	 3.2	 292.2	
Delicious	 2013	 1	 27.3	 3.2	 237.1	
Delicious	 2013	 2	 26.7	 3.0	 306.7	
Delicious	 2013	 3	 27.1	 2.5	 348.9	
Fry	 2012	 0	 44.3	 16.3	 86.6	
Fry	 2012	 1	 41.6	 15.3	 76.9	
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Genotype	 Year	 Week	 L*	 Chroma	 Hue	angle	
Fry	 2012	 2	 41.0	 14.4	 82.7	
Fry	 2012	 3	 41.4	 13.8	 73.7	
Fry	 2013	 0	 43.8	 14.9	 96.0	
Fry	 2013	 1	 42.6	 14.2	 96.5	
Fry	 2013	 2	 42.1	 14.1	 90.9	
Fry	 2013	 3	 40.8	 13.1	 94.7	
Ison	 2012	 0	 28.1	 6.8	 288.1	
Ison	 2012	 1	 28.2	 4.9	 236.6	
Ison	 2012	 2	 25.4	 3.0	 162.3	
Ison	 2012	 3	 26.4	 3.4	 202.9	
Ison	 2013	 0	 26.3	 3.7	 345.9	
Ison	 2013	 1	 26.7	 2.0	 235.1	
Ison	 2013	 2	 26.8	 2.1	 201.1	
Ison	 2013	 3	 26.3	 1.9	 346.5	
Nesbitt	 2012	 0	 29.6	 9.2	 359.7	
Nesbitt	 2012	 1	 25.3	 5.9	 279.8	
Nesbitt	 2012	 2	 26.8	 5.3	 319.4	
Nesbitt	 2012	 3	 27.1	 5.0	 279.9	
Nesbitt	 2013	 0	 28.4	 4.4	 198.8	
Nesbitt	 2013	 1	 27.0	 3.1	 200.1	
Nesbitt	 2013	 2	 27.0	 3.3	 279.3	
Nesbitt	 2013	 3	 25.7	 4.5	 328.1	
Southern	Jewel	 2012	 0	 29.6	 5.2	 311.6	
Southern	Jewel	 2012	 1	 27.8	 3.8	 272.9	
Southern	Jewel	 2012	 2	 25.9	 5.5	 121.8	
Southern	Jewel	 2012	 3	 28.8	 3.6	 236.0	
Southern	Jewel	 2013	 0	 56.1	 23.1	 264.1	
Southern	Jewel	 2013	 1	 27.3	 2.6	 313.3	
Southern	Jewel	 2013	 2	 26.3	 2.6	 305.1	
Southern	Jewel	 2013	 3	 25.7	 2.5	 272.8	
Summit	 2012	 0	 39.9	 14.9	 47.8	
Summit	 2012	 1	 40.4	 15.1	 51.7	
Summit	 2012	 2	 41.0	 15.5	 65.2	
Summit	 2012	 3	 39.0	 15.0	 51.3	
Summit	 2013	 0	 44.9	 12.7	 92.1	
Summit	 2013	 1	 41.9	 11.9	 83.1	
Summit	 2013	 2	 38.6	 13.8	 86.6	
Summit	 2013	 3	 33.8	 10.1	 81.5	
Supreme	 2012	 0	 27.9	 8.6	 359.4	
Supreme	 2012	 1	 26.5	 4.2	 359.8	
Supreme	 2012	 2	 27.4	 4.5	 359.5	
Supreme	 2012	 3	 28.4	 5.5	 359.0	
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Genotype	 Year	 Week	 L*	 Chroma	 Hue	angle	
Supreme	 2013	 0	 25.3	 5.6	 282.8	
Supreme	 2013	 1	 26.4	 5.6	 201.1	
Supreme	 2013	 2	 27.2	 4.9	 278.8	
Supreme	 2013	 3	 26.5	 5.4	 208.4	
Tara	 2012	 0	 45.7	 13.9	 83.2	
Tara	 2012	 1	 44.4	 12.8	 80.0	
Tara	 2012	 2	 43.1	 13.1	 76.7	
Tara	 2012	 3	 43.3	 11.9	 83.7	
Tara	 2013	 0	 46.2	 13.4	 97.9	
Tara	 2013	 1	 47.5	 17.5	 98.4	
Tara	 2013	 2	 41.1	 11.2	 94.1	





















































AM	01	 2012	 0.0	 2.1 71.2 41.0 604.7	 13.2
AM	01	 2013	 0.0	 4.0 71.2 15.8 528.3	 3.9
AM	02	 2012	 61.2	 5.7 87.1 19.4 581.2	 3.8
AM	02	 2013	 36.4	 10.4 106.3 16.8 464.5	 4.1
AM	03	 2012	 0.0	 12.2 92.1 70.6 701.3	 5.5
AM	03	 2013	 0.0	 12.8 53.5 33.8 575.9	 6.7
AM	04	 2012	 109.3	 7.1 71.3 26.1 539.2	 7.0
AM	04	 2013	 41.1	 12.2 97.2 18.4 558.3	 5.5
AM	15	 2012	 0.0	 4.4 86.7 29.3 639.8	 3.9
AM	15	 2013	 0.0	 11.9 87.2 47.9 604.3	 3.8
AM	18	 2012	 77.9	 2.6 48.4 11.5 358.8	 4.0
AM	18	 2013	 32.7	 5.7 85.7 11.7 326.8	 3.5
AM	26	 2012	 0.0	 1.5 34.2 22.7 368.3	 4.7
AM	26	 2013	 0.0	 6.7 57.3 23.5 392.1	 3.7
AM	27	 2012	 122.0	 8.0 81.7 21.5 669.3	 16.7
AM	27	 2013	 41.8	 6.6 94.8 14.7 448.3	 4.6
AM	28	 2012	 55.1	 2.9 52.0 8.9 354.5	 4.4
AM	28	 2013	 26.5	 5.5 68.6 9.9 316.9	 2.9
Delicious	 2012	 98.1	 10.0 90.9 32.6 618.6	 5.2
Delicious	 2013	 39.3	 10.5 107.0 19.6 606.7	 6.2
Fry	 2012	 0.0	 4.4 84.6 28.4 583.8	 4.0
Fry	 2013	 0.0	 12.5 59.3 24.9 527.4	 6.2
Ison	 2012	 44.4	 12.4 110.6 22.1 797.3	 10.1
Ison	 2013	 30.3	 6.7 115.5 12.7 544.3	 4.2
Nesbitt	 2012	 17.9	 2.0 72.2 17.3 518.6	 4.3
Nesbitt	 2013	 22.5	 7.7 67.8 11.0 450.1	 8.1
S.	Jewel	 2012	 78.1	 4.3 67.6 9.1 694.7	 5.8
S.	Jewel	 2013	 31.3	 7.5 111.3 15.7 579.0	 3.2
Summit	 2012	 0.0	 10.5 86.8 63.1 492.1	 4.8
Summit	 2013	 0.0	 11.2 57.6 23.4 535.0	 11.1
Supreme	 2012	 16.7	 1.6 52.7 7.3 366.1	 4.1
Supreme	 2013	 19.9	 5.7 57.8 11.5 354.2	 12.1
Tara	 2012	 0.0	 2.9 47.7 19.5 439.0	 5.1
Tara	 2013	 0.0	 4.2 65.9 12.7 476.6	 3.3
	
Table A.11. Study 2 multivariate correlation coefficients among muscadine berry storage quality, composition, color, and 
nutraceutical content for 2012 and 2013. *Significant at P=0.05. 
WLz UMy TAw pH SSv L* Chru Huet Fors VCx Anthq Ellap ORACo Flan 
WLz 
UMy 0.00 
TAw -0.23 0.57 
pH 0.33 -0.30 -0.25 
 SSv 0.25 0.21 0.19 0.03 
L* 0.29 0.34 0.06 -0.12 0.71*
Chru 0.13 0.13 -0.13 0.02 0.69 0.72 
Huet -0.10 -0.23 0.11 0.04 -0.64 -0.8* -0.93* 
Fors 0.20 -0.74* -0.22 0.54 -0.07 -0.13 -0.08 0.12 
VCx 0.44 0.13 -0.25 -0.15 0.21 0.55 0.52 -0.63 0.08 
Anthq -0.35 -0.11 0.11 -0.08 -0.58 -0.66 -0.87* 0.75 0.04 -0.4 
Ellap -0.06 -0.14 -0.08 -0.23 0.36 0.00 0.13 -0.20 -0.07 0.07 0.12 
ORACo -0.18 0.27 0.31 -0.57 -0.08 -0.27 -0.45 0.35 -0.42 -0.2 0.52 0.59 
Flan 0.08 -0.05 -0.14 -0.17 0.73* 0.64 0.66 -0.73* -0.03 0.38 -0.47 0.69 0.09 
TPm -0.07 0.32 0.30 -0.66 0.39 0.25 0.11 -0.16 -0.38 0.18 0.07 0.67 0.78* 0.50 
Resl 0.08 0.08 0.33 -0.15 0.40 0.06 -0.12 0.12 -0.02 -0.3 0.13 0.16 0.17 0.14 
zWL=weight loss of berries (%)  
yUM=unmarketable berries (%) 
xVC=volume change (%) 
wTA=titratable acidity (%) measures as tartaric acid 
vSS=soluble solids (%) 
uChr=Chroma  
tHue=hue angle 
sFor=force to penetrate berry skin (%) 
qAnth=total anthocyanins (mg/100 g) 
pElla=total ellagitannins (mg/100 g) 
oORAC=oxygen radial absorbance capacity (µmol Trolox equivalent/ g) 
nFla=total flavonols (mg/100 g) 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Vine	 2012	 2013	 	
1	 			46.5	abz	 		47.4	ab	 	
2	 49.8	a	 42.3	b	 	
3	 		45.6	ab	 		44.2	ab	 	
P	value	 0.0373	 	
	 Year	 	
Segment	 2012	 2013	 	
Flesh		 	36.5	Dz	 47.8	C	 	
Seed	 39.2	D	 27.6	E	 	
Whole	 66.3	A	 58.5	B	 	
P	value	 <0.0001	 	
	 Vine	
Segment	 1	 2	 3	
Flesh		 		51.7	bz	 36.6	c	 38.1	c	
Seed	 32.6	c	 30.2	c	 37.5	c	











































































































































































































































0.65	 ‐0.58	 0.88*	 ‐0.52	 	
Resveratrol	
(mg/100	g)	



































































































































































































































































































































































































2012	 January		 11.4	 0.1	 111.84	
	 February	 11.8	 2.5	 65.50	
	 March		 21.4	 9.8	 198.73	
	 April		 23.08	 11.5	 81.86	
	 May		 26.6	 16.3	 18.88	
	 June		 32.9	 19.4	 14.36	
	 July		 36.5	 22.7	 40.56	
	 August		 33.9	 20.9	 62.47	
	 September		 28.4	 17.4	 158.19	
	 October		 20.2	 9.2	 127.21	
	 November		 16.2	 4.4	 23.56	
	 December		 11.8	 1.9	 3.23	
2013	 January		 9.1	 ‐0.7	 98.85	
	 February		 9.9	 ‐0.2	 70.63	
	 March		 2.8	 2.0	 130.30	
	 April		 19.5	 8.7	 119.37	
	 May		 23.9	 13.6	 163.07	
	 June		 29.8	 19.0	 54.61	
	 July		 31.4	 19.9	 100.35	
	 August			 30.4	 20.9	 178.82	
	 September		 30.2	 17.9	 57.91	
	 October		 20.9	 10.4	 106.18	
	 November	 12.6	 2.3	 103.14	














Table A.12. Interaction means of the berry segment nutraceutical concentrations of total phenolics, total anthocyanins, total 
ellagitannins, total flavonols, and resveratrol, and the antioxidant capacity (ORAC) for year and week of storage at 2 °C for 6 
weeks in 2012. 

















1 0 Flesh 20.4 2.3 46.5 6.5 237.6 3.6 
1 0 Seed 0.0 34.4 37.7 64.9 186.7 1.4 
1 0 Whole 19.2 2.5 55.3 8.7 367.3 3.8 
1 1 Flesh 31.7 3.0 20.6 6.7 201.7 3.0 
1 1 Seed 0.0 43.9 22.2 56.4 139.3 2.1 
1 1 Whole 24.7 2.4 57.4 9.5 349.9 2.7 
1 2 Flesh 19.8 2.9 33.1 7.0 252.9 3.6 
1 2 Seed 0.0 11.5 22.6 66.3 150.8 2.6 
1 2 Whole 32.9 2.6 56.0 8.6 350.3 4.4 
1 3 Flesh 46.7 0.7 33.1 7.5 202.5 4.7 
1 3 Seed 0.0 32.6 31.1 47.9 152.3 1.3 
1 3 Whole 19.2 1.1 67.9 5.0 396.4 3.3 
1 4 Flesh 36.0 0.5 45.8 6.4 213.6 4.8 
1 4 Seed 0.0 10.0 27.7 53.6 182.7 4.2 
1 4 Whole 20.2 0.0 65.9 14.5 356.1 3.3 
1 5 Flesh 63.3 1.2 78.7 11.6 280.7 8.8 
1 5 Seed 0.0 17.5 25.8 41.4 176.1 3.4 
1 5 Whole 18.7 0.6 78.3 11.2 396.3 4.2 
1 6 Flesh 19.5 3.8 42.9 13.3 298.6 8.7 
1 6 Seed 0.0 9.5 36.9 67.2 180.9 2.3 
1 6 Whole 21.7 3.3 44.7 18.6 322.1 9.7 
2 0 Flesh 22.2 2.0 31.5 7.3 183.4 2.4 
2 0 Seed 0.0 30.3 36.9 30.7 178.8 8.4 
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2 0 Whole 14.9 2.8 81.1 8.6 390.9 3.3 
2 1 Flesh 25.0 3.7 27.9 9.7 216.1 2.1 
2 1 Seed 0.0 23.1 42.7 27.7 265.4 17.0 
2 1 Whole 27.0 4.5 72.5 11.1 403.5 2.7 
2 2 Flesh 35.9 2.2 33.3 11.6 204.1 3.2 
2 2 Seed 0.0 10.3 48.6 25.3 236.9 9.0 
2 2 Whole 28.4 4.2 65.2 10.0 379.0 3.6 
2 3 Flesh 67.6 1.6 32.5 11.0 180.0 3.3 
2 3 Seed 0.0 16.1 38.8 20.7 163.3 5.5 
2 3 Whole 20.8 1.1 66.9 7.4 399.2 3.3 
2 4 Flesh 20.5 2.4 41.5 11.7 208.5 4.9 
2 4 Seed 0.0 18.7 37.7 32.2 201.0 7.4 
2 4 Whole 71.6 1.4 68.9 9.1 355.2 4.2 
2 5 Flesh 32.3 1.9 66.3 7.7 202.2 5.1 
2 5 Seed 0.0 22.3 56.0 14.6 211.0 12.3 
2 5 Whole 25.0 2.5 60.2 7.9 345.7 8.4 
2 6 Flesh 26.6 2.7 58.3 11.6 269.4 6.9 
2 6 Seed 0.0 15.0 47.8 30.1 220.0 12.2 
2 6 Whole 47.9 5.8 66.2 18.3 447.3 8.0 
3 0 Flesh 26.6 1.7 31.4 9.2 207.3 2.0 
3 0 Seed 0.0 29.9 43.0 27.1 202.5 7.4 
3 0 Whole 37.4 3.3 62.4 8.8 348.0 2.3 
3 1 Flesh 38.3 4.0 40.5 10.9 249.0 3.3 
3 1 Seed 0.0 19.8 32.7 30.9 223.9 6.5 
3 1 Whole 35.3 2.4 60.9 9.0 354.6 2.5 
3 2 Flesh 32.3 1.8 59.1 11.5 232.5 2.6 
3 2 Seed 0.0 16.3 38.3 27.1 175.2 5.2 
3 2 Whole 27.2 1.4 72.9 11.1 405.2 2.1 
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3 3 Flesh 33.5 3.4 41.1 13.4 230.2 3.9 
3 3 Seed 0.0 14.2 38.3 27.0 155.6 6.2 
3 3 Whole 35.7 1.5 71.4 8.2 385.3 5.7 
3 4 Flesh 27.5 2.2 45.4 10.8 213.4 4.7 
3 4 Seed 0.0 15.0 32.9 27.4 176.9 4.5 
3 4 Whole 33.2 1.2 72.0 7.9 391.4 2.4 
3 5 Flesh 24.8 1.9 52.7 12.7 241.8 9.9 
3 5 Seed 0.0 24.1 59.7 27.0 239.4 12.0 
3 5 Whole 24.5 1.9 61.4 13.0 371.2 8.9 
3 6 Flesh 37.2 2.0 58.0 12.5 269.9 7.2 
3 6 Seed 0.0 26.0 53.0 27.4 215.6 9.5 
3 6 Whole 23.1 2.7 60.8 15.4 435.4 12.9 
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Table A.13. Interaction means of the berry segment nutraceutical concentrations of total phenolics, total anthocyanins, total 
ellagitannins, total flavonols, and resveratrol, and the antioxidant capacity (ORAC) for year at harvest. 

















2012 1 Flesh 20.4 2.3 46.5 6.5 237.6 3.6 
2012 1 Seed 0.0 34.4 37.7 64.9 186.7 1.4 
2012 1 Whole 19.2 2.5 55.3 8.7 367.3 3.8 
2012 2 Flesh 22.2 2.0 31.5 7.3 183.4 2.4 
2012 2 Seed 0.0 30.3 36.9 30.7 178.8 8.4 
2012 2 Whole 14.9 2.8 81.1 8.6 390.9 3.3 
2012 3 Flesh 26.6 1.7 31.4 9.2 207.3 2.0 
2012 3 Seed 0.0 29.9 43.0 27.1 202.5 7.4 
2012 3 Whole 37.4 3.3 62.4 8.8 348.0 2.3 
2013 1 Flesh 9.9 1.7 56.8 6.7 128.8 3.1 
2013 1 Seed 0.0 22.4 27.5 40.6 131.4 8.8 
2013 1 Whole 19.9 5.7 57.8 11.5 354.2 12.1 
2013 2 Flesh 10.5 4.1 41.8 6.3 143.2 6.7 
2013 2 Seed 0.0 19.9 23.4 45.2 93.6 4.2 
2013 2 Whole 14.0 1.9 61.8 11.2 273.4 3.2 
2013 3 Flesh 11.8 2.6 44.8 8.1 194.3 2.2 
2013 3 Seed 0.0 18.3 31.9 34.1 147.2 7.7 
2013 3 Whole 13.1 1.7 55.8 9.4 268.7 1.8 
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Conclusions	
	 A	major	component	of	this	experiment	was	to	determine	the	important	parameters	
of	storage	performance	of	muscadine	genotypes,	and	in	so	doing	develop	a	storage	protocol	
for	the	University	of	Arkansas	muscadine	breeding	program.	Overall,	both	percent	
unmarketable	and	percent	weight	loss	increased	during	storage,	showing	importance	as	
storage	parameters.	Force	to	penetrate	the	berry	skin	generally	decreased	during	storage,	
also	showing	potential	as	an	important	postharvest	storage	parameter,	particularly	since	
some	genotypes	had	significantly	less	loss	in	force	during	storage.	Percent	change	in	berry	
volume	showed	no	clear	pattern	during	storage,	probably	due	to	the	variation	in	individual	
berries	within	each	genotype	limiting	the	usefulness	of	berry	volume	as	a	storage	
measurement.	Composition	parameters	TA,	pH,	soluble	solids,	and	SS/TA	remained	
relatively	constant	during	storage,	therefore	are	not	important	postharvest	storage	
measurements	to	routinely	measure	in	evaluating	storage	potential.		Though	no	clear	
correlations	were	identified,	it	has	been	shown	that	soluble	solids	can	be	useful	in	
determining	maturity,	which	has	been	shown	to	be	related	with	storage	performance	
(Ballinger	and	McClure,	1983;	Carroll	and	Marcy,	1982).		Berry	color	measurements	
Chroma	and	hue	angle	generally	showed	no	clear	pattern	during	storage,	while	L*	showed	
a	sharp	decrease	after	date	of	harvest	and	then	remained	relatively	constant	during	
storage.	Therefore,	it	is	potentially	valuable	to	determine	L*	value	at	date	of	harvest	and	
again	after	storage	is	complete	to	evaluate	color	change	during	storage.	The	retention	of	
nutraceutical	contents	(total	phenolics,	total	anthocyanins,	total	ellagitannins,	total	
flavonols,	and	resveratrol)	and	antioxidant	capacity	(ORAC)	were	found	to	remain	
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relatively	constant	during	storage	with	some	significant	differences	among	weeks,	but	no	
clear	linear	pattern	of	change.		
	 Force	to	penetrate	the	berry	skin	was	generally	greater,	while	weight	loss	and	
percent	unmarketable	was	less	within	fungicide	treatments.	Field	fungicide	applications	
had	no	effect	on	muscadine	berry	color	(Chroma,	hue	angle,	and	L*)	or	berry	composition	
(pH,	TA,	SS/TA,	and	soluble	solids).	There	were	some	effects	of	field	fungicide	applications	
on	nutraceuticals,	however	results	varied.	It	was	determined	that	though	significant	
differences	did	occur,	the	efficacy	of	field	fungicide	applications	to	increase	muscadine	
storability	did	not	justify	their	use.	Overall	the	genotypes	AM	04,	AM	26,	AM	27,	AM	28,	
‘Southern	Jewel’,	and	‘Supreme’	were	identified	as	having	the	highest	storage	potential,	
while	AM	01,	AM	15,	AM	18,	and	‘Tara’	had	the	least	storage	potential.		The	genotypes	AM	
03,	AM	04,	AM	27,	and	‘Ison’	were	identified	as	having	the	highest	overall	nutraceutical	
content,	while	AM	18,	AM	28,	‘Supreme’,	and	‘Tara’	had	the	lowest	overall	nutraceutical	
content.	Total	phenolics,	total	anthocyanins,	and	ORAC	were	found	to	be	highest	in	the	
whole	berries,	while	ellagitannins	and	flavonols	were	highest	in	the	berry	seeds,	and	
resveratrol	concentrations	varied	among	berry	segments.		
	 Among	the	sources	of	variation,	genotype	was	the	most	common	source	with	
differences	among	most	dependent	variable	means.		This	is	a	major	finding,	in	that	in	
differentiating	the	potential	value	of	breeding	selections,	particularly	for	postharvest	
storage	potential,	adequate	variation	for	a	characteristic	or	trait	is	needed.	It	appears	there	
is	substantial	variation	among	genotypes	in	the	program	for	most	variables	to	select	for	
those	with	improved	or	superior	values.	Further,	the	differences	among	years	for	many	
dependent	variables	indicated	the	importance	of	multi‐year	evaluations	of	breeding	
	 265
selections	for	storage	potential.		Since	this	experiment	was	conducted	early	in	the	
muscadine	breeding	program,	the	findings	reported	here,	including	the	most	critical	
variables	to	measure,	should	lead	to	improved	precision	in	identifying	and	releasing	
improved	cultivars	for	fresh‐market	production	with	enhanced	postharvest	potential	and	
increased	nutraceutical	concentrations.		
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
